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REPOET OF THE SECRETAEY FOR THE YEAR ENDING 
DECEMBER 31, 1910 

SUMMARY 

Membership Roll 

One honorary and eleven active members were elected during the year. 
The death of one active and one associate member, and the resignation 
of three active members makes the present membership as follows: 

Active 154 

Associate 45 

Honorary 1 ■[ 

Total 200 «tt - • 

The number of active members now resident in Washington or vicinity 
is- twenty. The active membership is distributed geographically as fol- 
lows: 

District of Columbia 20 

Northeastern States 

Maine 3 

New Hampshire 2 

Vermont 1 

Massachusetts 4 

'' Connecticut 5 

New York 1 

Pennsylvania 6 

New Jersey 2 

24 
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Southeastern States 

North Carolina 2 

Georgia 1 

Florida 1 

4 

Lftke States 

Michigan 3 

Illinois 1 

Wisconsin * 7 

Minnesota 3 

14 

Northern Rpcky Mountains 

Montana 9 

Idaho 4 

13 

Central Rocky Mountains 

Colorado 6 

Utah 5 

Nebraska 1 

Kansas 1 

South Dakota 1 

14 

Southwestern States 

Arizona ^ 5 

New Mexico 10 

15 

North Coast States 

Washington 5 

Oregon 17 

22 

California and Nevada 18 ^ 

U. S. Possessions 

Philippine Islands 3 

Hawaii 1 

Alaska 1 

Canada 5 

Total 154 

Publication of Proceedings 

Volume V, Number 1, of the Proceedings of the Society has been 
printed and distributed. 
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Important Constitutional Changes 

The Constitution was amended in seven important particulars by a 
letter ballot of the Society, while a further amendment was lost only 
through the failure to secure the required three-fourths majority for one 
of two optional plans submitted before the Society. The amendments 
embody the following changes : 

Meetings 

1. Provision for an annual meeting for the transaction of business 
and the presentation and discussion of professional papers at a place and 
on a date to be designated jointly by the Executive Committee and the 
Committee on Meetings. 

2. Executive and open meetings not to be on a schedule; executive 
meetings to be held at the call of the President, or, in his absence, of the 
Secretary; open meetings to be held as directed by the Committee on 
Meetings. 

3. Provision for "special meetings'^ struck out. 

4. Quorum reduced from nine to seven active members. 

Publication 

5. By specifying that publications shall be free of charge to all active 
and honorar}^ members, the free distribution of the Proceedings to asso- 
ciate members is discontinued. 

Dues 

6. Annual dues reduced from five to three dollars. 

7. New members to pay dues for the year in which they are elected, 
even if elected during the second half of the year. 

The distribution throughout the country of the active members, often 
in groups of fifteen or more within a restricted region, suggested the 
idea of a division of the Society into "Sections.'' To determine the atti- 
tude of the Society on this point, a circular embodying this, among other 
proposed amendments, was sent to all the active members. The responses 
indicated strong sentiment in favor of the "Section" plan in general, but 
revealed considerable opposition to the proposed amendment, chiefly on 
the following grounds: 

(1) It admitted a new class of "local members," not otherwise pro- 
vided for in the Constitution. 
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(2) It made possible the organization at forest schools of sections with 
"less than seven" petitioning active members. Since only active mem- 
bers of the Society would be empowered to act as chairmen and secre- 
taries of Sections, the latter, when located at forest schools, would be 
practically under Faculty control. 

An alternative amendment was then prepared by members of the 
Executive Committee, embodying the principle of "Associated Forestry 
Clubs," and submitted, along with the original "Section" amendment, 
for a vote of the Society. By this plan, a local forestry club could be- 
come associated with the Society, subject to the approval of the Execu- 
tive Committee, upon the petition of two or more of its members who 
were also active members of the Society. The members of the local club 
were to have no connection individually with the Society, but only as a 
club. The vote on these alternatives stood 28 for sections and 37 for 
clubs, both amendments lacking the three-fourths majority required to 



Important Business ' 

By a unanimous vote of the Executive Committee, the Society has 
agreed to contribute annually, for five years (from 1908 to 1912), the 
sum of $25 toward the publication of the International Forest Bibli- 
ography. The International Association of Forest Experiment Stations 
has been informed of this action, but no directions in regard to payment 
having been received, the payments for 1908, 1909, and 1910 have 
therefore not been made. 

Deceased 

During the past year the Society lost by death two members, one active 
and one associate. Mr. L. C. Miller died last summer at Denver, and 
Prof. W. H. Brewer at New Haven. 

E. H. Frothingham, 

Secretary, 
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ANNUAL REPORT OF THE TREASURER, MARCH 18, 1910, TO JANUARY 

31, 1911 



Summary 
Receipts 



Balance from previous Treasurer $399.67 

Annual dues 658.00 

Sale of Proceedings 155 .75 

Interest on bank deposit 17.78 

$1,231.20 

Disburse me II 1ft 

Printing and stationery $484.38 

Postage 46.85 

Typewriting and mimeojjra piling 22.50 

Express and freight 7.47 

Refund of dues, paid when not owed 30.00 

Rent of Cosmos Club hall 15.00 

Miscellaneous 1 . 15 

$607.35 

Balance on hand 623. a5 

$1,231.20 

Assets 

Cash on hand 623.85 

Dues owed for 1908 10.00 

Dues owed for 1909 65.00 

Dues owed for 1910 155.00 

Dues owed for 1911 456.00 



$1,309.85 
Liahilities 
Contribution to International Forest Bibliography $12f*.00 



S. T. Dana. 

Treasurer. 



Audited and approved by — 
W. W. Ashe and 
F. W. Besley, 

Auditing Committee, 
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KEPOET OF THE COMMITTEE 01^ NEW WORK 

We, as your Committee appointed "to consider a plan for broadening 
the activities of the Society through taking a definite position on vital 
national questions within the field of forestry/' have the honor to submit 
the following report and recommendations: 

It is our opinion that the time has fully arrived for the Society to take, 
as a body of professional foresters, a definite and public position on vital 
national questions within the field of forestry. 

We believe, that in this way the Society will greatly increase its own 
achievement, will arouse and maintain the active interest and support of 
its membership, and will contribute materially to the advancement of 
forest conservation in the United States. 

The plan we have the honor to submit is as follows : 

1. That as urgent national questions arise in the field of forestry, the 
Society, when asked for a statement of its position by any organization 
or individual who can properly make such request, as for example, — ^by 
members or committees of Congress, by State or Federal oflScials con- 
cerned with forest resources, or by the representatives of national indus- 
tries dependent mainly upon the forest, — shall draw up a statement of 
its position as a body, and give this statement such publicity through the 
daily or periodical press as is consistent with dignity and effectiveness. 

2. We suggest that the following procedure be observed by the Society 
in such cases : 

Upon the receipt of a request for a statement as to the position taken 
by the Society upon any question, affecting the forest, the request shall 
be referred by the President to the Executive Committee, for recommen- 
dation to him whether both the question raised and the nature of the re- 
quest justifies the Society in a public declaration of its position. Should 
the recommendation of the Executive Committee be favorable in both 
these particulars, the President shall appoint a committee composed, in 
his discretion, of three, five or seven members of the Society, which com- 
mittee shall be instructed by him to draft a statement of what it believes 
should be the position of the Society upon the question raised. Upon the 
completion of the draft, the committee shall forward it to the Secretary, 
who will submit a copy of the statement to each member of the Society 
for his written criticism. As criticisms are received they will be trans- 
mitted by the Secretary to the Committee charged with the preparation 
of the statement. The Committee will then prepare a final report em- 
bodying, so far as it deems advisable, the criticisms of the original draft 
made by individual members of the Society. Upon the completion of the 
final report, the Committee will forward it to the Chairman of the Ex- 
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ecutive Committee, who will lay it before the Society for action at the 
first Executive meeting after its receipt. In the event that the Society 
approves the report, a copy will be sent to each member of the Society 
and to the individual or organization by whom the request for the report 
was made, and will be given publicity in the published Proceedings of 
the Society and in the daily or periodical press, or both, as the Executive 
Committee may deem advisable, by which Committee the report will be 
made public, as a statement of the position taken by the Society of Ameri- 
can Foresters as a whole. As new questions arise upon which the judg- 
ment of the Society is asked, they may be referred by the President to 
the Committee charged with the preparation of reports upon questions 
previously raised, or to a new Committee appointed by the President, as 
he may deem advisable. 

3. Among the national questions in the field of forestry which we be- 
lieve should be considered under the foregoing plan, are the following : 

The relation of forests to streamflow. 

The principles of forest taxation. 

Public regulation of private forests. 

The essentials for training for the profession of American 

forestry. 
Principles and organization for effective forest fire patrol. 
Conditions which justify State and Federal Forests. 

In the judgment of your Committee, statements of the position of the 
Society on these or other forest questions should be brought to the atten- 
tion of similar professional bodies in other countries, and also of the 
forest departments of foreign Governments. This will institute a pro- 
ductive interchange of ideas betw(5en the Society and members of the 
same profession iii other lands, and thus aid to advance the cause of 
American forestry. 

To sum up, your Committee believes that the plan proposed offers 
tangible and important opportunity for this Society to act effectively and 
as a unit, in giving expression to its convictions, and to promote the prac- 
tice of forest conservation in the United States. We believe that by far 
the most serious lack at present in the field of endeavor of the Society is 
the failure of provision for a method by which it may focus the combined 
knowledge and experience of its members upon vital public questions 
affecting the forest. 

0. W. Price, Chairman. 

F. 6. Plummer. 

H. S. Graves. 

FiLIBERT EOTH. 
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In nDemoriam 

FEANK JAY PHILLIPS 

BY DR. CHARLES E. BESSEY 

Frank Jay Phillips was born in Grandville, Michigan, September 25, 
1881, and died in Lincoln, N"ebra^ka, February 13, 1911. He graduated 
from high school, and later from the Michigan Agricultural College 
(B. Sc. in 1903), and afterwards from the University of Michigan, with 
the degree of Master of Forestry (1906). A year later he was elected 
Professor of Forestry in the University of Nebraska, a position which he 
held until his death. 

His practical training began when a boy, in the experience gained in 
and about his father's sawmill, where he learned much about lumbering 
and marketing. This wa& continued in the United States Forest Service 
with which he had close connection from 1903 when he first began to spend 
his vacations in the field. Thus since 1903 he has studied in succession, 
sand dune problems in Michigan and Indiana, the forest lands in north- 
ern Minnesota, planting problems in the sandhills of Nebraska, the sand 
dunes of the Columbia Eiver in Washington and Orgeon, the eucalypts 
in southern California, the loblolly pine in eastern Texas, forest plant- 
ing problems in Illinois, the pines of northern Nebraska and the Black 
Hills, forest planting problems in Nebraska, Kansas, Colorado and Wyo- 
ming, the National Forests of the Southwest, etc., etc. Here is a mass of 
work that seems quite beyond the possibility of accomplishment by one 
man in the time allowed him, and yet those under whom he worked said 
of him that in all his work he got results. In fact this was his reputation 
in the Forest Service ; he was a man who could be trusted to accomplish 
what he set out to do. 

It was during one of his assignments to work in Nebraska that I met 
him while he was working on the Dismal Kiver Forest Reserve. In com- 
pany with Senator Burkett I visited the Eeserve in order to see what was 
being done in the way of tree planting, and the growth of seedling trees. 
He was working on the Reserve in his usual vigorous fashion, and I re- 
member that Senator Burkett was then greatly impressed with the prom- 
ise of the young man, in which I fully agreed with him. 

Upon the resignation of Professor Frank G*. Miller, who had held the 
chair of Forestry in the University, Chancellor Andrews asked me to find 
(14) 
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a man to fill the vacancy. It did not take long for me to make up my 
mind to secure young Phillips whose acquaintance I had made in the 
Sand Hills, and in September, 1907, he came to the University. 

Professor Phillips came to us a young man, full of youthful hopes, 
and with the far outlook of the young man. He brought his bride with 
him — one who had been his companion in his studies, and who shared in 
his plans and hopes. He came with the warm regard and best wishes of 
his professional friends, and their confident prophecies of a successful 
career. 

For three and a half years he worked with us and for us, building in 
the University a sttong and vigorous department. He applied himself so 
unremittingly to his task, that he was rarely seen in social circles, and 
was a stranger to many of his colleagues. He was a student, a scholar, 
an investigator. Brilliant, far beyond the average of men, he was splen- 
didly equipped for his work by his college and university training, and 
his later service in the field. By his enthusiasm, and the attractiveness 
of his personality he gathered about him a body of earnest, enthusiastic, 
loyal students who felt he was indeed a worthy leader. Trusting him 
implicitly they followed where he led, and no task was too hard, no re- 
quirement too severe for these enthusiastic and earnest students. 

In these few years he brought together a splendid equipment, crowding 
and overflowing the rooms of the department with an orderly array of 
books, apparatus, implements, tools, and illustrative material, while plan- 
ning still larger things for the future in additional courses of advanced 
study intended to still better prepare his students for their work as pro- 
fessional foresters. He neglected no details in any part of his daily 
duties. He worked early and late. He never relaxed. He worked every 
day and late into the night. He worked continuously, without vacations, 
spending his summers in the field with the Forest Service, or in prepara- 
tion for the coming year's duties. He wore out his life in the service of 
the University, and his tired body fell an easy victim to disease, and his 
exhausted brain yielded to the breaking strain. 

With hosts of admiring friends in his profession prophesying a bril- 
liant career — ^with a* future that seemed to us all to be full of certain 
promise — his life suddenly went out, and naught is left us but a memory 
of what he was, and still more of what he promised so certainly to be. 

His life with us was like that of a meteor which fiashes brilliantly 
across the evening sky, leaving a golden path to mark where it had been, 
then fading into darkness. 

Friend, comrade, colleague, fare you well. 
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WORKIXG PLANS FOE NATIONAL FORESTS OF THE 
PACIFIC NORTHWEST 

BURT P. KIRKLAND 
(Contributed) 

It is not the purpose of this discussion to take up the question of 
reconnaissance in this region. It is assumed that, preliminary to th^ 
preparation of any working pian, the necessary data as to stand of timber, 
distribution of age classes, soil quality, etc., have been collected. It may, 
however, be stated that the method known as "the new reconnaissance'^ 
is wholly unadapted to the dense forests of the Pacific Coast, and nothing 
better than the strip system modified to provide for securing as full data 
as possible concerning age classes, soils, site quality and tyipe^ has been, 
or is likely to be, devised. Running once through a forty is sufficient for 
working plan purposes. Complete information as to the reconnaissance 
methods used can be secured from the reconnaissance instructions issued 
by the District Forester, for the west slope of the Cascades, in District 6. 

It is also assumed that it will be taken for granted that an approxi- 
mately sustained annual yield management is the one to be adopted, and 
that it is desirable to get on this basis as soon as possible, whether doing 
so involves reducing or increasing the present cut. It is hoped that the 
principle that storage of decadent stands now does not mean increased 
cut later is fully understood. As it is now universally conceded by all 
familiar with the region that clear cutting must be the method used, it 
is scarcely necessary to mention this point. The discussion which follows 
would not be clear if it were not borne in mind that it applies to even- 
aged forests cut under a clear-cutting system, which is the condition of 
the Pacific Coast Forests as far as Douglas fir. the leading species, is 
concerned. 

The Unit of Regulation or Working Circle, and its Subdivision into 

Smaller Areas for the Purposes of Description and 

Working Plan Control 

The proposition has sometimes been advanced that the unit of regula- 
tion in District 6 should be the entire District, or at least that part of 
the District west of the Cascades, i. e., that an amount of timber should 
be cut in the District such as all of the Forests could bear, but cut possi- 
(KJ) 
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bly from certain Forests while on others little or no cutting took place. 
This idea has been pretty well abandoned, 1>ut it is necessary to note it 
in passing. It would be impracticable, because it would require super- 
human intelligence to regvllate the cut by so large a district, and the 
inevitable consequence would be that over-cutting for the entire district 
would take place at times. No regulation of the cut, even approximately 
exact, can take place except through the preparation of local working 
plans which can be revised from time to time as the need arises, without 
disturbing the management of other areas. If the regulation of local 
areas is properly conducted, the regulation of the Forests of the entire 
District follows as a matter of course. This proposition has, I believe, 
been advanced because the practice of fixing a cutting budget for a State 
based on what the local forest units would produce has been confused 
with regulation by the entire district, as aforesaid. It is true that tem- 
porarily regulation by Forests, or watersheds, has its disadvantages, since 
owing to the inaccessibility of some Forests it will take some time to get 
them up to their proper cutting limit, and in the meantime, if the cutting 
limit of other Forests is held down, the revenue on the entire District 
will be less than it should be if regulation by the District were adopted. 
However, by making proper relative stumpage prices it will be a matter 
of only a few years before a proper amount of cutting takes place. 

If there were such a distribution of age classes on the various Forests 
as left some of them with all over-mature timber, and others with imma- 
ture timber, there would at first thought be a reason for regulating by the 
District, or at least by several Forests together. A little consideration 
shows, however, that any working plan for one of these smaller areas may 
provide for light cutting if the timber be immature, or possibly no cut- 
ting; and if it be over-mature, may provide for removing surplus stock. 
As a matter of fact, it is probable that such a distribution of age classes 
does not exist in any Forest unless it be on the Siuslaw Forest in Western 
Oregon. It does not exist in Washington Forests, except that all of them 
have a preponderance of over-mature timber. 

To others, the regulation of the cut by each National Forest seems 
the proper method to pursue. This is, however, by no means the best 
unit of regulation, because National Forests are not fixed units of admin- 
istration, and if all of the cutting takes place on one part of a National 
Forest and none on the other parts, future administrative divisions will 
leave some Forests over-cut and others under-cut, with consequently less 
satisfactory conditions of administration. There is only one suitable unit 
of regulation which should be used on National Forests, and that is the 
large watersliefl, or a combination of several small watersheds. Consider- 
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ing each watershed, or group of small watersheds, as a unit of regulation 
has the following advantages. 

(a) Since if an approximately equal amount of cutting takes place on 
any watershed each year, followed by regeneration of the cut-over areas, 
the result will be stable forest conditions on the watershed, it follows 
that any influence that forest conditions have on streams will be uni- 
form, and tend to maintain equable stream flow. On the other hand, 
regulation by the District, or the Forest, is likely to strip some water- 
sheds within 10 or 20 years, with a resultant adverse influence on stream 
flow conditions. The barren watersheds resulting in some places would 
surely be a poor object lesson in the practice of forestry, and people who 
had been accustomed to using such places for camping, fishing, hunting 
and other recreative purposes, would be deprived of their favorite pleas- 
ure ground, and would without question make vigorous objection to this 
method of cutting. 

(6) If a valley were all cut over in a short time, the regenerated stand 
would be practically of one age class, and uniform throughout the valley. 
In case of fire, or serious insect or fungus attack, the damage done would 
be far greater if the valley bore only one age class, since resistance to fire 
and disease varies with the age of stands. If damage occurred while an 
even-aged stand were young, all would be lost ; if it were old, much would 
also be lost on account of the dijfficulty of utilizing so much at once. 

(c) In this Forest, the local forest population, except miners, will be 
almost entirely dependent on the cutting of timber for a living. In other 
regions where there are large agricultural areas, a permanent local lum- 
ber supply is useful, but not absolutely necessary, in order to maintain 
industries other than lumbering. Here the cessation of the lumbering 
industry will mean the removal of the entire local population, together 
with the resultant abandonment of their homes. This is in itself a suflS- 
cient reason for regulating the cut by watersheds. If an annual sustained 
yield by watersheds is adopted, the population will be permanent, and 
permanent roads, homes, schools and other advantages of civilization will 
result. On the other hand, the stripping of first one watershed and then 
another would result in the creation of a transient population entirely 
lacking in desirable characteristics, except a facility of exploitation by 
others. I know of no example of a temporary industry which has had 
other than a deleterious effect on the persons engaged in it. It is clearly 
within the function of any government managing forests to consider this 
feature. 

(d) Furthermore, unless regulation by watershed is adopted, the finan- 
cial results of Forest management will be decreased, for the reason that 
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a permanent transportation system cannot be maintained where timber is 
the only resource and no old timber exists, with the result that profitable 
thinning in the stands following the present ones cannot be made until 
much later than should be the case. Small areas of timber damaged 
by fire, insects, or other injurious influences, can not be removed. As a 
result much valuable material will be lost which could be saved if a 
sustained annual yield regulation were adopted with its inevitable ac- 
companiment of permanent transportation. It will not pay to put in 
transportation for the removal of thinnings or small areas of injured 
timber alone. It is evident that in case of insect injuries this might have 
very serious results, in addition to the loss of small amounts of material 
first injured. In the case of thinnings, not only will material which 
might be utilized be lost, but the final yield of stands affected will be 
reduced. Some may say that thinnings can not be made anyway. To 
this it may be answered that they are already possible for railroad ties 
and pulpwood in stands 40 or more years old. 

Eegulation of cut by watersheds does not in any degree prevent neces- 
sary action toward the reduction of surplus stock wherever it occurs, or 
the taking of any other step toward the improvement of the Forest. If 
a watershed should be found to bear only young stands, of course no 
cutting can take place at present, but it will be advantageous to begin 
cutting as soon as these stands are financially mature. On the Snoqual- 
mie Forest no such watersheds exist, and there is nothing whatever in the 
way of regulation by watersheds except the temporary inability to cut 
now on account of lack of transportation facilities. This condition will 
pass within five years, or less. 

I conclude, therefore, that cutting on one Forest can properly be influ- 
enced only to a very limited degree by the state of others, and further- 
more, that as far as possible, regulation of cutting should be by water- 
sheds within the Forest instead of by Forests. Eegulation by watersheds 
attains all the desirable results given by regulation in larger units, except 
that it may possibly put off for three or four years getting the Forests to 
their cutting limit. It gives none of the undesirable results which regu- 
lation by larger units will. 

It is very essential, therefore, to declare unreservedly for regulation by 
large watersheds, or groups of small watersheds. By this, I mean areas 
which are large enough to support a wood industry such as a sawmill, or 
a pulp mill, permanently, without outside supply. There are watersheds 
so small and so isolated from other forest areas that they cannot be so 
regulated, but these are the exceptions. These exceptions will usually 
have to be cut over when adjacent timber outside the Forests is cut, and 
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regulated under a periodic sustained yield management, though they will 
usually form part of some of the larger units of regulation. It will be 
advisable to make watersheds of less than 50,000 acres in extent, although 
capable of being self -sustained, working sections to be grouped together 
into working circles. For example, on the Snoqualmie Forest it is planned 
to make four working circles for the entire Forest. These working cir- 
cles will, in some cases, consist of two or more working sections, due to 
the timber coming out in different directions and to be utilized by differ- 
ent sawmills. The aim will be to make each watershed a permanent • 
source of supply for one or more manufacturing plants, thus enabling 
the highest character of permanent plants to be built. This will be par- 
ticularly favorable for pulp mills and sawmills of the future, which, 
where raw materials warrant, will consist of central lumber plants with 
auxiliary plants for utilization of by-products. To be worked as a sepa- 
rate unit in this region any watershed should preferably be capable of 
yielding at least 5,000,000 ft. B. M. per annum, since sawmill plants of 
less size than this can not be expected to be of very high efficiency for 
large timber, though certain kinds of plants utilizing not more than 
2,000,000 feet a year may be successful. On any watershed which will 
not do this, the timber must either be sold to some logger, who will ship 
the logs to existing mills or to the general market on tide water, or a 
mill must be established which will cut off the watershed in a short period, 
with the expectation that cutting on some other watershed in the group 
comprising one working circle will follow after the first one is cut off. 
Where a mill has only 10 to 20 years^ cut before it, not so good a mill can 
be built as where the timber supply will be permanent, and less efficient 
manufacture and more waste may be expected. This method of regulating 
will be particularly favorable to pulp mills which require the investment 
of more capital than sawmills. 

The Block 

Having decided on the working circle to be placed under a single work- 
ing plan, which area will usually contain from 50,000 to 300,000 acres, 
it is necessary to divide this for purposes of management into subdivis- 
ions. Probably the best term to use for the primary division of the 
working circle is the block. The block will consist usually of a single 
smaller watershed, forming part of a group, or part of a larger watershed 
in the working circle. Blocks will generally be from 5,000 to 50,000 
acres in extent, and receive local names from the streams which drain 
them or some other local circumstance. 
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The Compartment 

It will further be necessary to divide each block into smaller subdi- 
visions, which are best termed compartments. Compartments should be 
bounded according to topography, and distribution of age classes. They 
will vary from 50 to 1,000 acres in extent, each being usually of suitable 
size for a timber sale area, or part of a timber sale area. Since in steam 
logging it is easier to pull logs up hill than it is down, compartments 
based on topography should be bounded by streams rather than divides, 
except in cases where divides are too sharp to be crossed by logging roads, 
in which case these form proper division lines. The streams also form 
the best boundary lines, because they can be definitely located on the 
ground as well as on maps. The European practice of bounding com- 
partments by roads, or rides, in order to permit the removal of forest 
produce from each compartment wither t disturbing others, can not be 
followed in this countr}', since such division lines are lacking. Since 
logging is carried on by railroads, on extensive areas, it would be imprac- 
ticable to use them if they did exist. Probably in some cases firelines 
along ridges will form compartment boundaries within a few years. It 
should be noted, also, that the European practice of making compart- 
ments from 5 acres or less to 50 acres or more in extent should not be 
followed, as we will not reach this intensive stage of management for 
years to come. Here where forestry must be extensive, this would merely 
increase the cost of administration without giving any compensating de- 
sirable results. Since extremely intensive forestry will not come until 
natural resources are so fully utilized as to make the standard of living 
low, and labor correspondingly cheap, which we hope will be a remote con- 
tingency, the first working plan prepared here for any area should lean 
toward making the compartment as large as possible rather than small. 
They can then later be subdivided, if necessary. Compartments should 
be numbered serially for each block, and when any further divisions 
occur, the subdivisions can be designated as compartments by adding 
letters to the serial number which the compartment had before subdi- 
vision took place. 

The Choice of Rotation 

The next question that should be determined in forest management 
here is the question of the length of rotation which should be used. In 
opening this discussion it is sufficient to say that a rotation based on the 
financial rotation, possibly modified somewhat towards the rotation of 
the highest income, is no less adapted to government forestry than to pri- 
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vate forestry. The only reason for having a possibly longer rotation in 
government than in private forestry, is the fact that the government can 
secure a lower rate of interest, especially on long term loans, than indi- 
viduals or corporations can. If special needs exist for large size material, 
they will warrant high enough prices for this class of material to make 
the long rotation necessary to grow it the financial rotation for limited 
areas on which it is to grow. If the Government has no other use for 
money derived from business-like administration of the Forests, it can 
profitably be applied to other conservation measures, such as the purchase 
of land for forest purposes, the development of waterways and water 
power, and in other directions too numerous to mention. I shall proceed, 
therefore, on the assumption that the financial rotation is a proper one to 
apply in Government forestry just as in private. 

In the absence of reliable yield tables, and with uncertainty as to future 
prices, it is diflficult to apply this method at present except to stands 
nearly mature. However, by comparison with similar species in other 
countries, and by use of the crude yield tables which have been prepared 
for Douglas fir, we can arrive at a reasonably close estimate of the length 
of rotation most desirable. In choosing the financial rotation it is well 
not to overlook that the result of a constant fall in interest charge which 
takes place in all countries as the density of the population increases and 
natural resources become more closely utilized, will have a tendency to 
lengthen the rotation. Owing to lack of definite information, it seems 
desirable to assume a fairly long rotation for the present, at least. The 
demand on the Forests is not now sufficient to warrant over-cutting or 
any special tax on their resources. For this reason I believe a rotation 
of 90 to 100 years should be assumed for the present, and probably it 
would be better to assume the latter length. In the upper slope type a 
still longer rotation will have to be used to produce useful material. 

In financial calculations, 3% interest is believed to be a fair rate in 
Government forestry. Annual expenses have usually been assumed much 
too low, for the reason that they have been worked out on the basis of 
appropriations for the IN'ational Forests. Not only are these appropria- 
tions too low at present, but the large proportion of land incapable of 
producing commercial forest on the National Forests, has been overlooked. 
Obviously this barren land, probably amounting to at least 50% of the 
area, will yield no income, and nothing should be charged up as expended 
on it. This has the effect of doubling the expenditure on the forest 
producing land. In all probability the expenditure after alienated and 
barren lands inside Forest boundaries are eliminated from consideration, 
amounts already to 4 or 5 cents per acre, and tliis must be greatly in- 
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creased. Therefore, 20 cents per acre should be assumed for annual ex- 
penses. Five dollars per acre should be assumed a& the average cost of 
formation. Seeding will be less, and planting more than this, but it 
perhaps represents a fair average. Future stumpage may conservatively 
be assumed to be worth all the way from $5 per ^I board feet for -lO-year 
old stuff, up to $10 or $12 for 100-year old. We may also assume 
a yield of thinnings every decade from the fortieth year on. Calculating 
with the above assumptions, and the yields shown by T. T. Hunger's 
yield table for Douglas fir on quality I* soil, a rotation of 90 to 100 years 
is indicated for Government forestry. 

As applied to stands now being planted, these calculations are of in- 
terest only in the realm of speculation on future conditions, but they have 
a necessary place in forest management on the National Forests, because 
it is necessary to determine the probable length of rotation in order to 
know how long we must make the present virgin stands furnish the cut. 

In this connection, it is well to call attention to the fact that in many 
working circles it will not be necessary or advisable to assume that the- 
first rotation should be 100 years, if that is the theoretical length of rota- 
tion assumed to be correct. This will be true for areas where stands are 
decadent. For example, the Stillaguamish watershed on the Snoqualmie 
Forest, now bears, almost exclusively, old stands of hemlock with cedar 
in mixture. These old stands, though on good forest producing soil, con- 
tain an average of only about 40,000 ft. to the acre, whereas a Douglas 
fir stand 100 years old ought to contain from 50,000 to 80,000 ft., or say 
an average of 60,000 ft. to the acre on the same area. It is evident, 
therefore, that if we extend cutting of the old stand over 100 years, as 
soon as cutting begins in the next rotation, cutting of an equal area then 
would produce an increase of at least 50% in the volume production. I 
think it is a safe principle to go by, that it is legitimate to cut as much 
as we can at present from the Forest, provided we do not take so much 
that at some time in the future the cut will have to be reduced. This, it 
seems to me, is taking care of the future to a sufficient degree. Heferring 
to table Xo. 4 in the circular on the growth and management of Douglas 
fir, by Mr. Munger, we find that 60-year old stands have 41,000 board 
feet to the acre. It appears, therefore, that if we cut over the entire area 
of quality I land in this valley in 60 to 65 years, following the cutting 
each year by regeneration with Douglas fir stands, that after the old stand 
is removed it will be possible to continue cutting immediately in the 
oldest of the young stands, removing the same volume of timber annu- 



*Forest Service Circular 175, "The Growth and Managemeut of Douglas Fir.' 
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Wherever volume regulation is applied it should be applied only to large 
watersheds, or groups of watersheds, as has already been discussed, and 
not to Forests, or larger areas. 

Regulation by removing an amount equal to the possible annual growth. 
Since we do not yet know very much about either the actual present or 
possible growth, over the entire Forest, it is not possible to base rational 
regulation of cut on this factor. It is sometimes useful to use it as a 
check, however. Thus one may compare the results which it is calculated 
can be obtained by area regulation with the possible growth of the Forest 
calculated from yield tables according to quality of the soils for forest 
purposes. 

Regulation by Area. For the following reasons, regulation by area, 
with volume check, is believed to be the best method of regulating the 
annual cut. (1) Neither formula methods, volume regulation, nor re- 
roval of the possible annual growth secures a proper area distribution of 
age classes. They siinply give annual sustained yield in this rotation, 
while area regulation secures proper age class distribution in the next 
rotation, and by careful selection of areas to be cut, approximately annual 
sustained yield in this. (2) It will be easier, and involve less financial 
loss, to start area regulation now instead of waiting until by overcutting 
in certain places the distribution of age classes becomes still more ab* 
normal than at present. The data for regulation by area can be obtained 
much more accurately relative to the expense than for volume regulation, 
as age classification can be obtained correctly without cruising too large 
a per cent. Volume estimates can not be obtained with as much accuracy. 
Therefore, useful provisional plans, based on the area distribution of age 
classes, can be prepared as a result of only a season^s work of one or two 
men on a Forest. Such plans are of only temporary use, however, and 
will not be discussed here. 

Presentation of Working Plan Data 

Maps. Before the data covering any area to be put under working plan 
can be handled intelligently, it must be put in concise form. This is best 
done by putting it all on maps, and relying little on a written report. 
The maps necessary are best prepared by first making an accurate tracing 
of each township involved, on a scale of 4" to the mile, showing all topo- 
graphic and other permanent data, and from this making a negative 
from which as many whiteprints as are needed may be prepared. For 
each township the following maps are necessary. (1) A whiteprint plat 
bound by the right-hand margin, showing alienated lands and their pres- 
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ent ownership. (2) A plat bound by the left-hand margin, showing 
special uses, including rights of way, etc. (3) A plat bound by the right- 
hand margin showing block and compartment divisions, age classes of 
timber, in colors, stands per acre and total stands for each forty, or com- 
partment in figures. The age classes used should be 1-20, 21-40, 41-60, 
61-80, 81-100, 101-200 years, 200 years thrifty, and 200 years plus, de- 
cadent. (4) A plat bound by the left-hand margin showing in colors the 
different soils, site quality, and type classification. A complete descrip- 
tion of the last two maps is given in the reconnaissance instructions for 
District 6. 

Tables, After the maps are prepared, the data shown on them should 
be summarized in tabular form so far as it influences the prescriptions 
in the working plan. These prescriptions may best be made part of the 
same table. Table I shows the form adopted on the Snoqualmie Forest 
for tabulating the results of a provisional working plan prepared in 1909 
as a result of a general superficial reconnaissance. The same form, with 
few changes, is adapted to detailed plans. It has already been mentioned 
that regulation chiefly by area is equally adapted to provisional plans 
prepared as a result of superficial reconnaissance pending the gathering 
of more accurate data, and if the same form is used in each case, the 
revision of provisional plans can be most easily made. The table is for 
the most part self-explanatory, especially as to the presentation of the 
data on which regulation is based. 

Following the 9th column the area prescribed to be cut is shown under 
allotment to periods of which there are five, of 20 years each. Of course 
only recommendations for the first period are expected to be carried out 
in detail and these revised at the end of ten years. The object of the 
columns under periods two to five, inclusive, is to show that after the 
amount recommended to be cut during the first period has been taken, 
there is sufficient area remaining to provide an approximately annual 
sustained yield throughout the remainder of the first rotation. 

It should be particularly noted that in the area allotment as carriied 
out in this plan, no attempt has been made to assign any particular tract 
to any period except that the cutting is to be located in certain blocks. 
The recommendation, therefore, consists in stating that a certain total 
area should be cut in each block if possible, during each period. The 
only restriction is that the cutting should be located in the 200 plus 
decadent age class, where it exists, or failing that, in 200 plus thrifty. 
Of course where it is possible to locate the cutting more precisely it should 
be done, but no attempt should be made to prescribe cuttings that can 
doubtfully be carried out, and thereby make the plan unworkable. Since 



Digitized by VjOOQIC 



2<S PROCEEDINGS OF THE SOCIETY OF AMERICAN FORESTERS 

transportation is not yet fully developed in many cases, it is expected 
that the actual location of cutting operations will have to be determined 
upon later, subject to the above requirements, which should be insisted 
on absolutely. The stock map will show on what areas cutting may prop- 
erly be located. As in most cases there is a considerable range of choice, 
the advantage of having the exact choice of cutting location open is mani- 
fest, since it is thjis possible to satisfy the demands of purchasers much 
more fully. 

The establishment of mills should not be permitted unless they can be 
taken care of for practically an indefinite period. In the early part of the 
first period, on account of the lack of transportation facilities, it may not 
be possible to cut to the safe limit in some watersheds, in which case 
over-cutting in other districts sufficient to recompense may be allowed,' 
thus conceding partial regulation by the Forest temporarily. In working 
circles which have to be over-cut now, cutting can later be reduced pro- 
viding the present cutting consists of logging in small isolated blocks, 
which naturally in themselves only form timber sales of four or five 
years' duration. The cut in districts which are not cut to their limit 
now can be correspondingly increased so that within the first 20-year 
period the desired amount can be cut in each working circle if care is 
taken to do this. 

The following principles should be followed in the allotment of areas 
to periods. Since it seems to be a safe assumption that denuded burns 
can be restocked within the next 20 years, the regeneration of all these 
burns should be placed in the first period. Since if regenerated during 
this period these burns will come in the oldest periodic age class in the 
next rotation, they take the same place in the plan as cutting would do. 
Consequently, the area to be cut during the first period will be reduced 
in each block by the amount of burned area not reforesting naturally to 
be regenerated. The result will be that the area recommended to be cut 
during the first period will be less than the area to be cut during the 
second and succeeding periods. This method is correct both from the 
standpoint of furnishing a greater timber supply when the shortage in 
supplies may be expected to come, and also from the standpoint of secur- 
ing the proper distribution of age classes during the first rotation. It 
must also be remembered that from a financial standpoint this will be 
best, since during the next 20 years price increment in old stands may 
be expected to be greater than volume increment in young stands. 

Under a system of regulation by area where there is so much difference 
in the producing capacity as exists between lower slope and upper slope 
types in this region, it is necessary to give the poorer areas less weight. 
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Here, therefore, one acre of lower slope is considered to be equivalent to 
ten acres of upper slope. For more detailed plans each type will have to 
be divided into three qualities, and each quality given its proper weight. 
Owing to its inaccessibility, and to the probable necessity of using the 
selection method in the upper slope type, all upper slope areas should be 
thrown into the later periods. Actual cutting in th^ upper slope will 
doubtless begin somewhat sooner, in some cases at the time thinnings 
are necessary in adjacent young lower slope stands following cuttings 
made at an early date. Hence, in the first period, burns and poorly 
stocked decadent lower slope areas should be treated. In the second and 
third periods, cutting may be expected to continue in the decadent lower 
slope stand, with some cutting in upper slope adjacent to lower slope cut 
in the first period and ready for thinning, and in the fourth and fifth 
periods 200 plus thrifty, and stands now young, and remaining upper 
slope areas may be expected to be cut over. Withholding the main cut 
in upper slope till the last periods of the first rotation is justified silvicul- 
turally on account of deterioration being less rapid there. In order to 
make the plan uniform, the estimated final yield on the upper slope areas 
should be only the yield these areas will give besides leaving the necessary 
amount of young and thrifty timber for the next cut. Owing to so large 
an area of the Forest being in the decadent class, it is doubtful whether 
very much surplus stock exists. Therefore, no steps toward the disposal 
of the surplus stock need be provided for in the first period. It does not 
seem advisable to attempt to dispose of it until the second period, at 
least. Eeasons have already been given why it is desirable to hold until 
the second period at least as much of the timber as can be held without 
defeating the attainment of a proper age class distribution during this 
rotation. Whenever it becomes possible to prescribe specific areas for 
cutting only a slight alteration in the form of the plan will be necessary 
to provide for cutting in certain compartments. The alteration will con- 
sist only in adding an additional column for making specific compart- 
ments before age classes, and also naming compartments under allotments 
to periods so far as they are to be cut over during the first period. 

Execution of Working Flans 

Location of Sales. As already indicated under the explanation of the . 
working plan, no attempt is made to prescribe definite location of sales. 
It is expected only that sales will be located in the most decadent timber. 
They should also be located on the poorest stocked areas so far as possible, 
since the removal of a smaller amount of volume from these areas will give 
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sufficient cut-over area to form the older age classes in the next rotation. 
The heavy stands retained will give much greater price increment per 
unit of area. In short, the Forest Service should not hlindly follow the 
wishes of purchasers in selling timber, but should make sales only where 
the condition of the timber and considerations of a proper distribution of 
cutting make them advisable. It is doubtful whether the regulations in 
this respect should not be entirely changed, and all sales initiated by the 
Forest Service, paying attention to the desires of purchasers only in so 
far as they do not conflict with the needs of proper management. Owing 
to the large area of our sales, it is seldom possible to pay much attention 
to cutting direction. Where any choice in the cutting direction is possi- 
ble, however, the cutting should proceed toward the direction from which 
comes the prevailing wind, both to prevent windfall, and allow seeds to 
blow upon the area as much as possible, and thus to a certain extent pro- 
vide for natural reproduction. In the mountains it is scarcely possible 
to exert much influence in this way, however. 

Stumpage Rates. It cannot be stated in too strong terms that no such 
thing as a standard stumpage price is properly possible on any Forest or 
group of Forests. The result of the standard stumpage prices while in 
force was that only the very best and most accessible stands were put on 
the market. A proper policy should withhold these heavily stocked stands 
from sale for reasons already outlined, by encouraging the sale of the 
more poorly stocked and decadent stands, by making such stumpage prices 
on them as would encourage their utilization wherever they are accessible 
at all. This is the policy which it is endeavored to pursue on the Sno- 
qualmie Forest. Had the policy of flxing standard prices continued, 
more timber would be taken from the Forest if a proper area were cut 
now than could be taken 20 years hence by cutting an equal area. The 
first essential, therefore, to proper management is to get away from the 
idea of standard prices and make the prices of each sale on its merits. 

Furthermore, stumpage rates have not been and are not yet consistent 
as between different species. For example, the average price on hemlock 
stumpage so far is $1.25 per M feet. Yet it is entirely evident that with 
hemlock logs at $6 per M in the Sound, hemlock cannot possibly be util- 
ized except at a loss at a stumpage price of $1.25. The consequence is 
that while the Government is receiving more than the value of the hem- 
lock, we must reduce fir and cedar prices enough to make this up. This 
has a serious effect on administration of sales, since it is almost impossi- 
ble to get loggers to take the hemlock, knowing as they do that it is taken 
at a loss. It is almost too much to expect that they will take into con- 
sideration the fact that what they are paying for the hemlock is really 
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payment for the fir and cedar. It would be very much better policy to 
sell each species at its true value, since the returns would be as great, or 
greater, and the administration of sales much simplified. 

Since the Forest Service can not now, and probably never can do its 
own logging, it is not to be expected that as much can be made from the 
Forests in this country as is made in others. Loggers wish to make at 
least from $1 to $2 per M profit, and in order to justify them in assum- 
ing the risks they must do so. Yet the function performed by the logger 
for this sum could be performed by the Government for 50 cents per M. 
This function consists only in the employment of capital in logging 
equipment. As $100,000 in logging equipment will take out 100,000 feet 
or more per day, or 30,000,000 feet or more per annum, and as 10% 
depreciation and 3% interest on $100,000 amounts to $13,000 per an- 
num, it is clear that the interest and depreciation on capital amounts to 
only about 43 cents per M. Since wages are paid from the product of 
labor, no additional capital investment is necessary on that account. The 
idea that the Government can not manage any work as cheaply commen- 
surate with fair treatment of labor and quality of the work as private 
individuals is now an exploded one, due to the work of such Government 
Departments as the Reclamation Service. It is therefore apparent that 
we can not hope in this country to make as high profits from the National 
Forests as do those countries where utilization is performed by the Gov- 
ernment. This point is mentioned here only as an explanation for lower 
profits, since it is manifestly impossible for the Government to do the 
logging itself under present conditions, especially with 25% of the gross 
receipts going to the State. 

Making Sale Contracts. The proposition has been advanced that possi- 
bly it would be better to sell by estimate instead of actual scale. This 
would be a very serious backward step. Probably considering the cost to 
the purchaser and to the forest Service together, some expense would be 
saved, though it would really be very little in this region where scaling 
and administration of sales run from five to ten cents per M feet. Sale 
by estimate will require a corps of very expensive cruisers. Even at thai 
there is no possibility that the out-turn of sales would be as great as 
under the scaling system, for the reason that in purchasing timber by 
estimate the purchaser must always give himself the benefit of the doubt 
of the estimate, and buy on a conservative estimate. If he attempts to 
purchase at the exact estimate he is sure to estimate too high at times, 
with the consequence of possible bankruptcy. In purchasing on the basis 
of the actual scale he can calculate his costs and profits very closely, and 
pay full value for the timber. Another serious objection to sale by esti- 
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mate is the fact that it introduces the possibility of easy graft, which can 
hardly be detected. It would be very easy for a purchaser to approach 
any cruiser who was open to bribery, and make arrangements whereby the 
estimates of an area would be reduced. Detection is almost impossible 
in these cases, for the cruiser can always plead an error of judgment. 

Although it would be unwise to make large sales by estimate, small 
sales might properly be so made in most cases. 

Administration of Sales. The Forest officer placed in charge of a sale 
is naturally presumed by the purchaser to represent the Service, and that 
when he accepts the area his acceptance is final. It should be adopted 
as a fixed principle that when the Forest Service puts a man in charge 
of a timber sale it will stand for the mistakes he makes with no attempt 
to charge them over on the purchaser later. 

It is perfectly legitimate when an inspection officer from the District 
Office, or an officer from the Supervisor's office visits a sale and finds that 
it has not been administered as it should, that different requirements 
should be enforced in the future, but it is wholly unfair to attempt ta 
enforce these requirements on past work except in the case of brush pil- 
ing and similar work in clearing up the area. It is particularly disastrous 
to the timber purchaser in this region, where steam logging is used, to be 
required to go l)ack and take material which he left when he had his lines 
around a part of the logging area. In fact, it is impossible for him to 
do so, and his only alternative is to pay a double price for the material 
left. Requirements of this kind may rob him of his entire profits on the 
sale, or even worse. It is of course entirely legitimate to charge a double 
price on the material left when the Forest officer on the ground has kept 
him informed of the fact that he was not utilizing the timber close 
enough. 

In short, the Forest Service should expect to bear the loss caused by 
any inefficient employes which it may employ from time to time, and not 
attempt to charge it to an innocent purchaser. If these principles are 
followed, a great deal of trouble will be avoided. Supervisors should 
inspect sales on their respective Forests frequently enough to see that the 
administration of each sale is carried out as it should be, and no one 
should be employed as Supervisor whose final decision in such matters 
the Service is not prepared to accept. 

Method of Regeneration of Cut-over Areas. Careful observation of ex- 
isting cut-over areas, together with a logical consideration of the possible 
methods of regenerating cut-over areas, leads, it seems to me, to the in- 
evitable conclusion that in regenerating very old, heavy, over-mature 
stands under the climatic and other conditions existing in this region, 
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artificial regeneration is by far the best method to be used. First, be- 
cause it is better ; second, because it is cheaper. 

It is true that there are many wonderful examples of close young 
stands resulting from natural reproduction in this region. Close obser- 
vation shows, however, that most of these did not originate after logging 
at all, but after old burns which left very numerous seed trees, on account 
of the extreme resistance of Douglas fir to fire. Those which did origi- 
nate after logging originated in the days when stumpage had no value 
and therefore numerous trees of the poorer quality were left on every 
logging area. Modern logging does not leave such trees, except at a 
considerable financial sacrifice. 

Artificial regeneration is better, because by proper methods it will re- 
sult in more uniform stands, with fewer fail spots. If it is undertaken 
as soon as the timber is removed and the slash burned, there is not the 
risk of the area coming up to brush, and getting in condition wherer 
neither artificial nor natural regeneration can succeed, that is run where 
natural regeneration is relied upon. Where natural regeneration is relied 
upon it will take several years to show its success or failure. By the time 
failure is evident so much brush will be on most areas as to render arti- 
ficial regeneration impossible except at a very heavy cost. The loss of a 
part of the productivity of the area during the period of natural regenera- 
tion alwa3's results, while if artificial regeneration should finally be neces- 
sary on some areas (as without the least doubt it will) the entire loss of 
the productivity of the area during its period of idleness will result in 
addition to the heavy cost of artificial regeneration on brush-covered 
areas. 

With natural regeneration only species now on the ground can be se- 
cured in the stand to follow. With artificial regeneration any suitable 
species desired can be introduced and proper mixtures maintained. It 
goes without saying that it is an incalculable advantage to use several 
species in forest management in any one region. This secures the greatest 
possible safety against fire and against insect attacks, while at the same 
time providing the most useful material. The advantages of mixed 
stands are well known, including especially their immunity against insect . 
attack, since even if part of the stand is taken, the remaining species may 
survive to make the final stand. 

Among the native species in this region suitable for general use in 
forest management are Douglas fir, western white pine, Sitka spruce, 
western red cedar, western hemlock and the true firs for lower slope areas. 
The first three all give almost equally rapid growth. Spruce should be 
used in bottom lands and stream valleys, while fir and pine are equally 
;• — F 
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suitable for slopes. While these three take precedence for the main part 
of the stand, the remaining species will be very useful ^as an understory 
under pine and Douglas fir stands, since without subtracting from the 
growth of the pine and fir, a great deal of material can be produced. 

This may be the only forest region in which there are National Forests 
where artificial regeneration is cheapest. I am convinced that this is 
tlie case here, however. A few comparisons suffice, I believe, to show this. 

( 1 ) Regeneration by means of scattered seed trees. It takes only a little 
oljservation to show that this method is practically impossible, for the 
reason that scattered seed trees will almost always be thrown by wind 
within a short time after removal of the surrounding stand. If this were 
not the case, however, the cost of using seed trees is too heavy. With the 
large trees which it is necessary to use, if Douglas fir is to be obtained in 
this region, it is safe to assume that at least three trees per acre would 
have to be saved. In old mature stands of Douglas fir in which all our 
cutting will take place for the next 50 years or more, the smallest Douglas 
fir trees available will contain from 2 to 7 thousand feet each, or 6 to 20 
thousand feet per acre. This means an investment at present prices of 
$15 or more per acre in seed trees, all of which will be lost before cutting 
can again take place on the area. In addition the loss to the logger will 
be heavy on account of his failure to fully utilize the roads that he has 
built. This loss will amount to at least 50 cents per M, or $3 or more 
per acre. This method is therefore far more expensive than artificial 
renegeration, even by planting. The cost will be still greater as stumpage 
advances. Defective trees might sometimes be used without much loss in 
timber, but as they soon die, they constitute a serious fire risk, since 
through them sparks may be thrown for great distances in case of fire. 

(2) Regeneration by means of groups of seed trees. This method is also 
practically impossible except in case of groups on inaccessible areas on 
account of most of the trees in groups being thrown by wind. The logger 
M'ill also be subjected to a loss of 50 cents or more for every M feet left 
for seed trees, due to failure to fully utilize his roads. This will amoimt 
to more than in the case of scattered seed trees, proba])ly nmning up to 
$10 per acre to the logger, and at least as much in loss of timber to the 
Forest Service. (3) Regeneration by means of cutting in strips. This 
method is probably impracticable at the present time on niountain slopes, 
where all National Forest cutting is located, though by cutting wide 
strips it could be used in flat or rolling country. It will also involve the 
loss of considerable timber along the edges of the strips, and a loss in 
road-building to the logger still heavier than in the ease of groups. All 
of these methods also involve considerable cost in protecting trees reserved 
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for seed, when the slash is burned on the area, as must be done following 
logging. 

It does not seem necessary to consider any other means of natural- 
regeneration if pure or nearly pure stands of Douglas fir are to be the 
object of management. Poor hemlock stands can in some cases be se- 
cured without additional cost in logging, or investment in seed trees by 
merely leaving the slash without burning; but since the growth in them 
will be insignificant in comparison with Douglas fir stands, and the ma- 
terial which they yield of little value, I take it they will not be con- 
sidered for more than limited areas. 

In addition to the heavy cost involved in securing natural regeneration, 
there is always doubt of its being possible in extremely old stands in 
which cutting is now taking place. In connection with seed collecting 
in the fall of 1909, careful examination was made of many old stands 
in which logging was taking place, with the result that although it was 
a good seed year, practically^ no cones could be found on the Douglas fir. 
It seems evident, therefore, that natural regeneration is very doubtful by 
means, of seed trees or groups of seed trees of this class, even if this 
method is attempted. 

Contrasted with the above methods, artificial regeneration can be made 
sure by planting at a cost of not over $10 per acre, and there is every 
reason to believe that seed spots at a cost of not over $3 per acre will be 
successful, wherever there is any possibility that natural regeneration 
would succeed. 

In connection with the consideration of the relative cost of various 
methods of regeneration, it is worth while to examine into the probable 
cost of artificial regeneration on a Forest of this size. The area which 
will be cut over during the next few years will not exceed 2,500 acres in 
extent, annually. If this were to be regenerated by planting at $10 an 
acre, the annual cost for the Forest would be $25,000. By seed spots, 
which are likely to be as successful as natural regeneration, the cost at 
$3 per acre would be only $7,500. Not very heavy, considering the fact 
that whenever the cut increases to the extent necessary to involve the 
regeneration of this amount annually, the income of the Forest from 
timber sales will amount to at least $200,000 per year at present stump- 
age prices. 

In the above, only the total cost of various methods of regeneration 
has been considered regardless of on whom the cost will fall. Attention 
should be called to the fact, however, that it is not at all necessary for 
the Forest Service to bear all this cost. It can be just as legitimately put 
on the purchaser as has the cost of brush disposal in the past. As a 
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matter of fact, in this region, the cost of artificial regeneration will not 
be as much per M feet as is the cost of brush disposal where piling is 
required. 

Thinnings. Thinnings can undoubtedly be made in 30 to 40 year old, 
or older stands whenever transportation is available, 10 years hence. The 
total amount for many years to come will not be large, as would seem 
to be the case at first thought, because only approximately one one- 
hundredth of the area will be ^•eady for thinning at 30 years from the 
present, two one-hundredths at 40 years, three one-hundredths at 50 
years, etc., if thinnings begin at the 30th year and occur every 10 years. 
The product would be small at 30 years. Two thousand feet to the acre 
on 2,500 to 3,000 acres means only 5,000,000 to 6,000,000 feet for an 
entire Xational Forest. When the second thinning of about 3,000 feet 
to an acre comes in at 40 years we will have a product from thinnings 
proceeding simultaneously in 30 and 40 year old stands of 12,500,000 to 
15,000,000 per annum on one Forest. When the entire Forest has been 
cut over, the product from thinnings will be enormous; probably 100,- 
000,000 per annum. That thinnings will be possible where transporta- 
tion is available is not open to doubt. As a matter of fact they are already 
salable in 50 to 60 year old stands, for pulpwood and hewed railroad ties, 
where transportation is available. 

Need of Detailed Plans. A good many persons have assumed that as 
cutting is now in no case of a Forest in this District up to what the 
Forest will bear, or probably even up to what a watershed will bear, de- 
tailed plans are wholly unnecessary, and hence any steps toward prepar- 
ing them. I believe this attitude to be very ill-chosen, because there are 
some Forests, at least, where cutting will be brought up to the cutting 
limit within from 2 to 5 years. It takes a good while to collect the data 
to make a detailed plan, and it is none too soon to start vigorously on 
this work. If we wait until the need is upon us for the plans, the plans 
can not possibly be prepared in time. It will probably take 15 years 
to prepare detailed plans for all the Forests in the District, even if a 
start is made at once, and as much funds devoted to the work as can be 
spared from routine work. It is safe to say that by the time plans can 
be prepared, all of the Forests in the District will be brought to their 
cutting limits, and it will not be surprising if over-cutting results on 
some before plans can be prepared. 

Working plans are absolutely necessary guides to economic manage- 
ment. Without the collection and use of the data they contain, dead, 
decadent and other timber needing removal will in many cases be over- 
looked unless an expensive system of frequent superficial examination of 
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the forest area is adopted, and even then much will be missed. In other 
words, not only are they necessary to protect the future of the Forest, 
but they are even more essential to present economical management. 
Without them the cost of administration will be too high, and the re- 
turns too small. Stands of timber which ought ^to be left will be cut, 
and stands which ought to be cut now, left standing. 

There is no reason to believe that the appropriations for forest work 
will be higher in the near future than now, relative to the routine work 
to be done. The question of whether National Forests shall be under 
working plans, then, sifts down to whether the necessary routine work 
!ihall be done with sucli efficiency as to make possible the setting aside 
of some small proportion of the appropriations for this work; whether 
the funds available shall be spent in office work, or actual work in the 
field ; whether they shall all be spent on \\ ork of significance only to this 
year, or next, or on that from which the results will last for many years. 
Since no other enlightened country pursues any policy except that of 
guiding their forest work by more or less careful plans, Americans should 
certainly not stand alone in doing so. 

On the other hand, if the principle of regulating only watersheds is 
adopted, the idea that we need immediately plans for all Forests can 
be at once abandoned. Even a superficial canvass of the situation shows 
at once that not only is there no danger of overcutting on many water- 
sheds at present, but that the chief need is to encourage cutting. Tt 
seems obvious that on watersheds where no cutting can be done for sev- 
eral years, present preparation of plans is not only unnecessary, but sheer 
waste, since by the time cutting can take place the plans will not be as 
applicable as plans prepared just before the need for them arrives. 
Nevertheless, development is now so rapid that the resources of the 
Service will be taxed to the utmost to prepare plans where they are 
needed, as rapidly as the need arrives. If this work is continued effi- 
ciently, as it has been begun, and vigorously followed up, there is reason 
to hope that national management can be introduced on all the Forests, 
but only on these conditions. If there is any decrease in the pitifully 
small sums heretofore devoted to this purpose, we shall have to face un- 
regulated cutting, or no development at all, with the result that in either 
ease the Forests will fail to produce their full product. 
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STRIP THINNINGS 

aHEODORE S. WOOLSEY, JR. 
(Contrilfuted) 

The profession is familiar with the second-growth spruce stands that 
have come up naturally on abandoned farms in New England. Some 
of them are so open that the trees are limby and almost unmerchantable 
even for pulpwood; others have suffered from crowding, and even when 
50 years old there are often over 800 trees per acre. This crowding has 
resulted in short, narrow crowns, and on account of the struggle for root 
growing space, has undoubtedly diminished increase in diameter and very- 
probably height growth as well. As an illustration of the rate of growth 
of old-field spruce, the following table is given; the figures are from 
measurements taken by the writer in 1903, near Pike, N. H. : 

Table 1,—Rate of Growth of S-inch ''Old-Field** Spruce 

u^... , Increase in inereuHe iu 

*^'"***^- diameter. height. 

Inches. Feet. 

Last 10 years 0.43 10 

From 20 to 10 years ago. . . » 67 11 

" 30 " 20 " " 92 11 

" 40 " 30 " " 76 12 

How to cut these stands is often a problem. Perhaps the best method 
would be to cut clear and plant, or, in favorable locations, to secure 
natural reproduction by clear cutting in strips of the proper width. But 
probably the composition of the resulting stand would be unsatisfactory. 
For scenic reasons, it may occasionally be desirable to merely thin these 
spruce stands in order to secure a better composition, advance reproduc- 
tion, and to realize an immediate profit from a partial sale of the stand ; 
in other words, to adopt a very conservative method of management and 
yet profit financially. 

Where thinnings alone are desirable there can be no doubt that the 
best silvical treatment of the stand would be secured by thinning out 
carefully selected trees. There is a practical objection, however. These 
thinnings must yield a profit. Men who have tried cutting single trees 
in a dense stand of second-growth spruce know that it is impracticable 
under present market conditions. To do this effectively it would be 
(38) 
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necessary to pull down, by some means, almost every tree felled, since the 
stand is so crowded and the dead limbs so persistent that the trees do not 
fall of themselves when cut. Under these conditions no jobber would 
undertake thinning out single trees at a reasonable price. Occasionally, 
therefore, where clear cutting is not practicable, some method of cutting 
must be devised that is possible under present conditions. The system 
proposed is as follows : 

Cut narrow^ alternate strips through the stand, radiating in parallel 
lines from the main hauling road. The width of the strips should vary 
according to the density of the stand, averaging from one to two trees in 
width, or about 5 to 10 feet. Between the lumbered strips should be left 
lines of standing trees of approximately the same width. The trees near- 
est the main hauling road should be felled first, and into the opening 
each succeeding tree should be felled until the cleared line is completed. 
As each . tree is felled it should be limbed and sawed into pulp wood 
lengths, the tops lopped, and all branches piled and burned in the open- 
ings, or if this is impossible it could be piled under the line of live trees, 
which are to be left. The uncut strips should also be thinned lightly; 
the trees removed can be thrown into the cleared lines. 

The practicability of the system was tried out by the writer in 1903. 
The idea was so simple that the chopper had no trouble in making the 
thinning independently after the first line was marked as a sample. One 
man thinned 1.1 acres in four days, yielding 13 stacked cords of pulp- 
wood. The cost of cutting proved to be less than five per cent greater 
than the cost of clear cutting. The sample cutting was made in a growth 
of "old-field^^ spruce, 52 years old, growing on loamy gravel of moderate 
fertility. The stand was practically pure, with a small percentage of 
balsam and only a scattering of birches, beech, and niaple. In this stand 
the spreading crowns of the hardwoods often suppressed the neighboring 
spruce; consequently, so far as possible, all "wolf^ hardwoods were re- 
moved. The total stand was estimated at 34.2 stacked cords per acre, 
cutting to a top diameter limit of 4 inches ; this netted about $2 per cord. 
Of this stand 38 per cent volume was removed and 62 per cent left stand- 
ing. So heavy a thinning must be termed a partial clearance, and is 
probably too heavy for the best results. Probably better results would 
have been secured if only 20 to 25 per cent of the stand had been cut. 
The percentage removed can be regulated by varying the width of the 
strips left uncut. The following table gives in detail the results of the 
cutting : 
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Table II. — Number of Trees Cut and Left Standing on 1.1 Acres 

I'ijimfier, brea.-t-hiKli. Spruce. BsiUnnk. llMrUwoods. 

Inches. Left. Cut. Left. Cut. Left. Cut. 

3 2 .. .. .. 2 

4 77 20 3 .. 5 

5 150 44 6 1 16 2 

6 115 55 1 2 11 6 

7 113 4.'? .. 4 6 6 

8 60 27 4 1 4 4 

9 30 29 1 7 5 3 

10 25 12 .. 5 2 1 

11 5 2.. 5 1 2 

12 2 1...... 2 

13 .. .. .. 1 2 

Total 579 235 15 25 53 28 

Under 7" 457 164 10 7 40 14 

7" and over 122 71 5 18 13 14 

From the foregoing table it is apparent tliat a considerable percentage 
of balsam was removed, since this was felt to be an undesirable species. 
The smaller hardwoods and a few of the larger stems could not be re- 
moved because of the difficulty of felling without undue damage. As a 
result of this method of thinning it is likely that with more growing 
space the crowns of an intolerant species, such as red spruce, will increase 
in vigor and consequently after 10 or 15 years increased growth, to a 
small extent, should be expected. Ordinarily the thinning should be 
made when the stand is '^5 to 30 years old. No appreciable increased 
growth has resulted in the stand shown in Table IT, probably because the 
thinning was delayed until the trees averaged 52 years. The composi- 
tion of the stand can be improved l)y removing the undesirable balsam 
and hardwoods. Perhaps in some instances poorly developed hardwoods 
might be girdled. It is likely that advance reproduction of red spruce, 
the desirable species, will take place in the openings where sufficient light 
has been admitted, whereas, under the uncut strips insufficient light will 
be admitted to allow the balsam to get enough of a start to crowd out the 
spruce in the primary struggle for occupation of the ground. Insufficient 
light is admitted in a dense stajid, even in the open strips, to allow the 
hardwood to crowd in. The capital invested in the stand will be mate- 
rially decreased, while at the same time it is likely that the total volume 
of the final harvest in '^0 or 30 years would be about the same, or, in rare 
instances, more softwood than if no cutting was made, because of the 
removal of hardwoods from competition. Mr. K. (J. Hawley, Assistant 
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Professor of Forestry at Yale, inspected tlie cutting in 1908. His criti- 
cal comment on the cutting is interesting: 

"The spruce seems to have come in on the spots where the 
needle cover was broken and the balsam on the spots where the 
cover was not broken. To the eye there appears to be more spruce 
in the alleyways than under the uncut timber. It seems to me 
that this style of thinning is of use in dense stands of spruce 
mainly to secure reproduction before the cutting and then allow 
the clear cutting, but as a method of thinning to get increased 
growth, I do not believe it worth carrying on.^^ 

The writer does not propose this system of thinning for general use, 
but must confess that it is merely a method that might be adopted 
rarely — perhaps in one case out of a hundred — under the exact condi- 
tions described. So far as the writer is informed, this method of strip 
thinning has not been tried out in Germany, since the main factor — 
costly execution of regular thiniiings — is lacking as an incentive; yet 
abroad the density of natural reproduction is sometimes reduced by strip 
clearings. 
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HAKDY CATALPA 
A Study of Conditions in Kansas Plantations 

A. E. OMAN 
(Contributed) 

The writer had occasion, in the fall of 1908, to study conditions in the 
four well known catalpa plantations in Kansas described in Forest Service 
Bulletin No. 37. It was essentially a study of sprout stands, since the 
original stands had been harvested one to seven years previous to this, 
time. While there is a difference of opinion among foresters as to the 
merits and profitableness of this species for commercial planting, hardy 
catalpa has many qualities which will keep it in the lead for fence posts 
and pole production in the middle western states. This paper will merely 
attempt to set forth a number of facts and conditions observed during 
this field study. There is still a wide field for investigating the best 
methods of handling plantations, especially in regard to securing suc- 
cessive and profitable second growth stands. 

Reproduction, Natural reproduction of catalpa was observed in the 
Yaggy plantation, where it has occurred to a very limited extent. The 
seedlings were short and spindling, for their age, and will succumb to the 
shade of the larger trees in the stand. Natural seedlings grow at a dis- 
advantage in prairie plantations. They lack the vigor of cultivated 
planted stands. Weeds and desiccating winds rob them of needed soil 
moisture, a generous supply of which is so essential to forest trees on 
prairie sites. This method of reproduction can not, therefore, be con- 
sidered in regenerating stands in artificial plantations. 

Catalpa will grow from cuttings provided the soil moisture conditions 
are favorable. A fair degree of success could probably be attained on 
sandy loam sites where there is good sub-irrigation, but where the perma- 
nent water-table is not too close to the surface of the ground. The lack 
of moisture at a critical period during the first season would very prob- 
ably prove fatal to cuttings. This method is not recommended as a 
means of propagating the species on a commercial scale. 

Catalpa posts will frequently send out shoots if set while still gi-een. 

A striking example of such growth is shown by two trees on the Yaggy 

plantation which have developed from posts set in the ordinary way. 

The posts, it seems, took root strongly and at the same time sent out 

(42) 
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shoots from the top ends. Eventually the top ends healed over, and the 
posts have grown into trees over eight inches in diameter and more than 
twenty feet high. Thriving shoots were observed growing from three- 
foot fence stakes used extensively in fencing on the Munger plantation. 
The shoots seemed to thrive irrespective of whether the small or butt ends 
of the stakes had been driven into the ground. 

No evidence was found to support the contention held by some persons 
that catalpa roots will send out suckers when bruised. Single furrows 
plowed between rows of trees to control groimd fires when burning brush, 
and the plowing of fire guards on two of the plantations have not given 
rise to any shoots from mutilated roots. This species is, therefore, free 
from the ill repute earned by black locust and ailanthus, which tend to 
sucker badly. 

The observations just cited are given merely as interesting and verified 
facts relating to the behavior of the species. Artificial stands must be 
started from plants raised from seed, in nurseries. Second-growth stands 
will develop from stump sprouts. Crops from original seedling stands 
have proved successful and profitable in Kansas. The chief concern is to 
make successive sprout crops equally or more so. 

The Effect of Cutting Back Young Sprouts, It has become an almost 
universal practice to cut back seedling stands of catalpa one or two years 
after planting. While no conclusive evidence could be obtained in favor 
of or against this practice, general observations indicate that it is advis- 
able. The advantage gained is the impetus to height growth which 
results in straighter boles. A sprout which grows from 8 to 10 feet 
the first season is very likely to grow at least 3 or 4 feet the following 
year. The same tree, if not cut back, would probably not more than 
equal that height in three years' growth and would have an additional 
whorl of branches and chance to fork. 

Where the quality of the site insures a height growth of 12 
to 15 feet in three years the trees go moi'e to bole than to much-branched 
crowns. And it is just this period in the life of young stands that the 
quality growth of the individual trees is determined, for if the trees reach 
the heights mentioned, even if planted 6 feet by 6 feet or 5 feet by 
8 feet apart, the crown development will be ample to at least partly 
diffuse the light and thus check the growth of the lower branches. Small 
dead twigs are quickly shed, but branches which grow to one inch or 
more in diameter before becoming suppressed, are almost certain to per- 
sist through the relatively short rotation of a prairie plantation. Self- 
pruning, therefore, takes place in direct proportion to the rate of height 
growth, the spacing being the same. 
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Keeping Down Stump Sprouts, Catalpa stumps sprout vigorously, and 
whether they are from two year old seedlings or from old trees it becomes 
necessary, eventually, to remove all but one or two sprouts on each stump. 
Cutting back stump sprouts during the summer season disposes of them 
effectually. On the large plantations, however, it has not been found 
convenient to cut back sprouts in that season because men are scarce and 
wages high, and less work can be accomplished in hot weather. When 
the work is done during the winter months it generally becomes necessary 
to repeat the operation two or three times. 

Where tried it was found advantageous to defer cutting back the sur- 
j)lu8 sprouts for two or three years, ^lany of the shoots will be more or 
less recumbent and the result is effective shading of the ground. This 
lessens evaporation of soil moisture, aids in excluding herbaceous vegeta- 
tion, and checks the rapid scattering of accumulated leaf mould and litter 
by the wind. The presence of several shoots on a stump for two or three 
years does not materially affect the growth of the dominant ones. Each 
sprout draws its nourishment from its particular portion of the stump 
and so does not rob the others, and in such a shoil period the struggle for 
dominance is not detrimental to those which are to be permanent. The 
extra sprouts must ber removed, eventually, however, to prevent over- 
crowding and to lessen the drain on soil moisture. Two or more si)routs 
may be left on a stump wherever there are openings in a stand. 

Spacing. On the Yaggy plantation, height and diameter growth in 
second growth stands has not been noticeably greater where the stand has 
been thinned to about fifty ])er cent of the original planting, or approxi- 
mately 950 trees per acre, than in un thinned stands on correspondingly 
good soil, and at the same time trees in the thinned stand have more 
branchy crowns. A portion of the Hunnewell plantation, which produced 
the greatest yield in posts and poles, has the poorest prospect for a second 
cro]). This unfavorable condition is due in part to summer cutting and 
the early disposal of all brush by burning, but probably to a greater extent 
to the tall growth and early development of the original stand, and the 
resultant stagnation of growth because of overcrowding. On a portion of 
this plantation many trees were dying or had died when the final cutting 
began, and the sprout stands are consequently open and lack vigor. 
Wider spacing or cutting on a shorter rotation would have prevented this 
adverse condition. 

A reasonable degree of crowding is essential to insure desirable growth 
of catalpa, and the spacing should be determined by the quality of the 
l<Kality. Thus, on the best bottom and in Greenwood County (Brookover 
plantation), where five-year-old trees had attained 20 to 2(> feet in height, 
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about one-third of the trees were already seriously suppressed and only 
12 to 16 feet high. On sites where such height growth is insured, a spac- 
ing of 5 feet by 8 feet or even 8 feet by 8 feet would afford better chance 
for even development of the stand, and still the strong tendency toward 
height growth would insure a good quality growth. But such wide spac- 
ing could not be recommended for prairie sites, as for instance on the 
Munger plantation in the same county. On the high prairies the trees 
grow less rapidly and with wide spacing a relatively long period is re- 
quired to establish a crown cover, and meanwhile the stand will not make 
the best quality growth for the site. 

From the standpoint of soil moisture and soil fertility alone, wide 
spacing should be used in the semi-arid regions and on thin or sandy 
soils. Economy and utility, however, demand as close planting as the 
quality of the site will warrant. Giving the several factors their due 
weight, the spacing recommended for Kansas conditions would be from 
4 feet by 6 feet to 6 feet by 6 feet on prairie sites and thin sandy soils, 
and from 5 feet In- 8 feet to 8 feet by 8 feet on g(X)d creek or river l)ott()m- 
land. 

Pruning. "AVe will be glad to do the pruning provided the trees will 
make satisfactory growth,'^ declared the proprietor of one of the planta- 
tions when it was argued that his plantation, thinned to 7 or 8 feet by 6 
feet, would grow mostly to branches. It is not probable, however, that 
any extensive pruning will prove practicable or profitable. When the 
quality of the site is not conducive to rapid height growth, the production 
of first-class post and pole material can not be greatly augmented by 
pruning, without prohibitive cost. 

It is not advisable to prune heavily in two or three-year-old growth 
where the branches occur in congested whorls. Where this had been done 
in two-year-old sprouts, in a Shawnee County plantation, the leading 
shoots, bearing luxuriant foliage, were badly broken by wind. Another 
objection to early pruning is the exposure of the pith, which seems to 
break down readily in one and two year old branches, opening possible 
avenues for infection by fungi. The practice of nurserymen, of going 
through their nurseries early in the spring and rubbing off the extra buds 
on the stems of growing stock, while the buds are still tender, could no 
doubt be extended to catalpa plantations with good advantage, and if 
judiciously practiced this method might obviate the necessity of cutting 
back newly established plantations. 
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Shelterhelts 

The four old plantations under consideration were completely cut 
over during the years 1902 to 1906, inclusive. Only on the Yaggy plan- 
tation was the plan of leaving shelterhelts tried in a systematic way. 
However, most of the alternate strips, or belts, left for this purpose were 
removed after being left only one year. 

When sprouts are thinned to one to each stump, after one year's 
growth, the remaining ones are in danger of being broken, or perma- 
nently bent, as a result of windstorms or high wind with rain. To offset 
this loss the extra sprouts may be left uncut until the third winter, as 
this will serve the double purpose of preventing loss by bending and 
serious injury from girdling by rabbits. Although shelterhelts would 
at least in part check loss from bending and breaking, the disposition of 
plantation owners seems to be to dispense with them altogether and to 
take chances from losses of this kind. 

If a comprehensive system of interior shelterhelts is to be used, the 
belts should be permanent. Preferably a more densely branching spe- 
cies should be used, as, for instance, Russian mulberry. These belts 
should consist of two or three rows of trees at intervals of not more than 
twenty rods. 

Rows or belts of taller species around plantations are no doubt bene- 
ficial along exposed borders. Frequently, however, much of the appar- 
ent benefit is more the effect on evaporation of soil moisture than the 
checking of winds. Two plantations belonging to T. F. Leidigh, Hutch- 
inson, Kansas, illustrate a contrast in this respect. One plantation, on 
heavy, second-bottom soil, has a row of Russian mulberry trees along 
the south side. Where there is a break in the shelter row the catalpa 
trees are shorter, apparently because of the exposure. On the other hand, 
on a tree claim in the sand hills, a few miles farther north, the trees 
in an exposed southeast corner of that plantation do not show any harm- 
ful effects from full exposure to south winds. The situation in this 
case is the border of a shallow basin, so characteristic of the sand hills, 
in which the soil moisture conditions are very favorable. 

Undergrowth. Shade-enduring, woody undergrowth will never play an 
important part in the success of artificial plantations in the prairie re- 
gion. Catalpa must be planted sufficiently close to secure the best qual- 
ity of growth as well as the greatest possible yields. Clean cutting will 
be the method of management most generally used. Thus, a stand must 
be harvested on a relatively short rotation and before undergrowth can 
prove of any benefit. In the process of cutting, also, woody under- 
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growth would be largely destroyed, or it would suffer later from exces- 
sive light and desiccation by wind, and thus fail to afford any consider- 
able protection during the formative period of the sprout stands. 

There is very little evidence of woody undergrowth in the three to 
six-year-old sprout stands on the old plantations. The Farlington and 
Hunnewell forests probably have more than any of the others. But 
where most abundant it consists of an inconspicuous growth of snake- 
root, sumac, briar, grape and ivy vines, and scattered seedlings of hack- 
herry, pin oak, sycamore, midberry, and dogwood. 

Annual and permanent grasses are. a menace to cut-over stands, since 
they deprive the trees of soil moisture. On none of the plantations, 
however, have permanent grasses gained any alarming foothold. On the 
Hunnewell and Yaggy plantations, wherever the brush was burned or 
removed immediately after the removal cutting, crab and tickle grasses, 
sandburs, and similar vegetation are abundant. The struggle to over- 
come this condition will hold the sprout stands back to some extent. 

Burning the brush deprives the surface soil of needed protection, 
ivhich the brush and leaf mould would afford, and also of humus and 
soil fertility. The tops and branches could no doubt be lopped for less 
than the cost of burning the brush, and the litter would be very bene- 
ficial as a protective soil cover. 

Soil and Site Requirements, Catalpa requires a deep, fertile, porous 
soil for good growth. It will not succeed on heavy, poorly-drained land. 
It grows well on prairie soils provided there is at least 20 to 30 inches 
of good friable soil before heavy clay is encountered. It is not adapted 
to poor sandy or stiff clay soils, or those which have a tenacious gumbo 
subsoil at a depth of less than two feet. Even where permanent water 
is within five to seven feet .of the surface, a poor sandy soil will not pro- 
duce satisfactory growth. A sub-stratum of clay or gumbo, underneath 
several feet of good soil, especially if the soil is a light sandy loam, is of 
advantage, since it tends to hold back the seepage water and prevents 
leaching of plant food from the surface soil. Catalpa will not with- 
stand much alkali in the soil. It is mucli more sensitive than black 
locust in this respect. 

Hardy catalpa will endure considerable flooding, and even submer- 
sion. The June, 1908, flood caused overflow and standing water on the 
Adams plantation in Shawnee County, Kansas, for practically one 
month. Fifty acres of one-year-old seedlings, planted the same season, 
were totally submerged for an entire week without being killed. 

The following descriptions illustrate the character of the soil on a 
variety of situations on which catalpa has made good growth in the 
various localities studied: 
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Hnnnewell plantation: A rich marl, dark in color, with a fair quan- 
tity of humus. The surface soil, having a depth of 25 to 30 inches, is 
underlain by a stratum of gumbo. 

Yaggy plantation: Black sandy loam 14 inches deep, then 6 inches 
of yellow clayey sand which merges into a layer of sandy clay 8 inches 
deep. At about 30 inches down is a stratum of tough gumbo 10 inches, 
more or less, in thickness. There is pure sand below the gumbo, and 
water at a depth of 5.5 feet. The roots do not penetrate the gumbo to 
any appreciable extent. 

Munger plantation: Bich, black, prairie loam 16 to 20 inches deep; 
granular clay 8 to 15 inches deep; and below that a tenacious yellow 
clay. 

Brookocer plantation, Greenwood County: A surface deposit of silt, 
and strong, black, creek-bottom loam 2 to 3 feet deep ; under this, 3 feet 
of brownish loam, crumbh^ with a trace of limestone granules at a depth 
of 8 feet; total deptli of good soil about 10 to 12 feet. Humus abun- 
dant. 

Adams plantation, Shawnee County: Light sandy loam, 12 to 18 
inches deep; then 6 feet or more of black sandy and silty loam. Eiver 
sand at a much greater depth. 

Returns — Yields — Utility, The returns obtained from the old planta- 
tions in Kansas checked up pretty well with the estimates given in Bul- 
letin No. 37. Thus, the average of the estimates of twelve sample acres 
in the Hunnewell plantation^ made in 1901, was approximately $400 per 
acre. The average return obtained in 1905-1906, when the removal 
cutting was made and the products marketed, was approximately $500 
per acre. There was, liowever, a wider difference in tlie actual returns 
from respective units of the plantation than was indicated in the esti- 
mates in the Bulletin. One particular 40-acre unit on which was ol)- 
tained a large proportion of 14 and 21 -foot telephone poles yielded the 
highest average for this as well as the other plantations, namely, $680.00 
per acre. The Bulletin estimate for an acre on the same forty was 
$394.40. Its maximum estimate for this plantation with which a com- 
j)arison of the actual returns could lie made was $511.00. The actual 
return from this forty was $580.00 per acre. There was approximately a 
corresponding difference in the actual returns and the Bulletin estimates 
for the other plantations. 

The yields in posts and poles on the several plantations indicate that 
on good average situations, with the trees planted 4 feet by 4 feet or 31/0 
feet by 6 feet apart, the crop, harvested in 20 to 25 years, should yield 
about 3,300 posts per acre. On poorer sites the yield grows corespoud- 
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ingly less at a rapid rate. But, as already intimated, such a rotation 
period is much too long for close planting. A rotation of 18 or 20 years 
does ver}' well for post production. Good sites will produce a large 
proportion of poles from 14 to 30 feet long in that time. Telephone 
poles will yield twice the returns obtained from the same material cut 
into post lengths. 

It is a notable fact that the four old catalpa plantations in Kansas 
were cut over and the products marketed in the short period of four 
years. The consensus of opinion is that an advance of 50% over the' 
former prices could be obtained for similar material at this time. Eanch- 
men in western Kansas and in the Panhandle of Texas are particularly 
eager for catalpa posts. A certain buyer, when asked why he could not 
use some split walnut posts that were offered to him, said : "I haul these 
posts from T5 to 80 miles. • I can load 200 of these little posts and haul 
them with my team, while of the others T can load only 75 and have to 
take two teams to haul them." Eanchmen cannot hope to build fences 
to hold stampeding cattle. Posts trvo to tliree and one-half inches in 
<liameter answer their purpose. 

Compared with the other fence-post trees, osage orange, Russian mul- 
berry, black locust, etc., the catalpa is most easily harvested and mar- 
keted because of its light weight and the ease with which it is handled. 
Its light weight is a great factor in shipping by freight as well as in 
hauling on the ranch. 

Catalpa poles are in strong demand for rnral telephone lines, and 
this demand will grow at a rapid rate. There are no records of catalpa 
having been* cut for telegraph poles. Particularly good sites as well as 
technical care of plantations would be necessary in order to obtain even 
a fair proportion of poles which would fulfill the rigid requirements of 
the trade. The Frisco Eailroad Company ordered several hundred ties 
cut on the Farlington plantation, but the work was quickly discontinued, 
since this was not considered the most profitable use of the product. 
Eventually the few ties that had been cut were split into posts. No 
data were obtained to show the actual use of catalpa ties by the rail- 
road company. Incidentally, a considerable number of split posts were 
made on t]ie Farlington plantation. The difference in prices for small 
and large round posts made the smaller grades more profitable. The 
following table will illustrate: 

Grade of post. Diameter of post. Value (each). 

No. HI 2 to 2% inches. 3 cents. 

No. II 2% to 3 " 61/2 cents. 

No. 1 3 to 4 " 8% " 

Standard 4 to 5 " 10^ (equivalent to two No. I.) 

8 foot post 4 to 7 " 20^ (equivalent to six No. II.) 

4- F 
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The making of split jjosts was not equally successful on some of the 
other plantations. If split posts could be made without too great waste 
it would be less urgent to crowd the stands by close planting. 

The Kansas plantations have not as yet been cut over a second time. 
There is every reason to believe, however, that second-growth wood will 
be equally as durable for posts as the original growth. In the numerous 
tliree to seven-year-old sprouts, cut down for the study of growth, the 
sap wood was invariably that of the last two seasons^ growth, or two rings 
only. The question of an equal or better quantity and quality produc- 
tion of wood in the second-growth stands, as compared with the seed- 
ling stands, is, however, very uncertain. This is due, at least on two of 
the plantations, to the fact that the harvesting of the original stand was 
in each case deferred too long considering the close planting and the 
greater average height growth of the trees on those plantations. The 
conditions on the Leidigh tree-claim, already mentioned, emphasize the 
relation between spacing, site, and height growth. The site is undu- 
lating sand-hills, fully exposed to south and south-west winds. The 
soil is very light loam. There is a particularly impervious stratum of 
clay at a depth of five or more feet. The moisture condition approaches 
that of sub-irrigation. The trees planted there about the year 1886 
and left without further treatment until some recent cuttings were 
made, seem to have reached their maximum development several years 
ago and are showing signs of decay. The trees range only from 16 to 
25 feet in height, according to whether they are on the dry ridges or in 
the more moist and fertile soil in the natural depressions. The corre- 
sponding diameters range from 2.5 to 6 inches, at breastheight. Al- 
though the trees are spaced 4 feet by 4 feet apart, only a few are sup- 
pressed and evidently none have died. Sprouts from stumps of trees 
removed at different intervals, by selection cutting, show a remarkable 
growth for the situation. A short table of measurements taken will 
best illustrate this: 

Number of trees Ueiichtof 
AKe. D. B. H. measured. trees. 

Years. Inches. Feet. 

4 1.5-2.5 16 12-lG 

6 2.0-3.0 7 14-18 

8 4.0-5.0 4 20-25 

1 .. 3-11 

Even the four-year-old sprouts had attained the height of the sur- 
rounding trees, the dimensions in the table reflecting the height of the 
adjacent trees where the sprouts occurred. Evidently the relatively low 
growth of the stand admits of sufficient light to force rapid growth in the 
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sprouts. The same relation should be obtainable on stronger soils by 
determining the proper ratio between spacing and height growth. In 
this little plantation, then, with selection cutting, second growth has 
<}xcelled the original growth. The sprouts show a remarkably vigorous 
growth which even exceeds that obtained on any of the large old planta- 
tions in the state. 

Suggestions, for Planting, and for Treatment of Plantations, The 
planting site should be plowed in the fall or early spring and should be 
further prepared by harrowing with a tooth or disc harrow just before 
planting. When new land is to be planted, field crops should be grown 
for two or more years so as to remove all permanent grasses. It is 
usually advisable to plant in the spring and to use 12 to 24 inch, one- 
year seedlings. 

It is of utmost importance to secure a strong, true-to-name strain of 
planting stock. One-year-old seedlings may cost $2.00 to $5.00 per 
thousand. Prices above the given maximum are exorbitant. Where 
extensive* planting is contemplated it is most economical to establish a 
small nursery and raise the seedlings on the plantation. 

The proper spacing of trees should be determined for each plantation 
by a study of regional and site conditions. A spacing of 4 feet by 4 feet 
is advisable only when early thinnings can surely be made, or where the 
site will not produce a stand more than 18 to 25 feet in height. 

Plantations should be cultivated for two or three seasons. Where the 
rows are spaced 8 feet apart one or both ways, single rows of some short 
species of corn, of potatoes, or of field peas, may be planted to partly 
utilize the ground for one or two seasons. 

It is usually advisable to cut the young stands back to the ground 
after one or two season's growth. Numerous sprouts will start from 
«ach stump the following season, of which all but two or three of the 
most vigorous ones should be removed while still tender. This work, if 
carefully done at just the right time, should be accomplished more 
cheaply and with better results than cutting back larger sprouts the fol- 
lowing winter. This practice, in common use in commercial nurseries, 
could well be continued by going over the plantation and rubbing off the 
surplus buds on the one-year-old sprouts, when growth commences the 
succeeding spring. In fact, tftis method of pruning suggests itself as a 
possible substitute for cutting back young stands. The formation of 
congested whorls of branches, at the beginning of the first few years' 
growth, could thus be prevented and the usual difficulty of pruning low- 
crowned trees obviated. Where more than one sprout is left on a stump 
the extra ones should be removed after there is no danger of the perma- 
nent ones becoming destroyed. 
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Catalpa has been planted in pure stands on all the plantations exam- 
ined. Judging from the behavior of osage orange, in hedge rows and 
in pure stands on the Farlington plantation, the advantage of using this 
species as an associate with catalpa, as has been frequently advocated, 
seems doubtful. Osage orange is decidedly more intolerant than catalpa 
as regards both crown and soil space, and in habits of growth the two 
species are so different that it is improbable that a mixture would be 
beneficial to either. 
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FORESTS AND STREAMFLOW 

An Experimental Study 

carlos g. bates 

Presented Before the Society November 17, 1910 

The Forest Service and the Weather Bureau have finally combined 
efforts to investigate the much agitated question of the streamflow rela- 
tions of forests. The new experiment, which is to be conducted on two 
typical, small Rocky Mountain watersheds in a region with important 
irrigation interests, promises to furnish a ^ood deal of the information on 
this subject which has so long been missing from our store of knowledge. 
The methods employed are believed to be thorough and the results there- 
fore should be convincing. 

The object of the streamflow study as it has been inaugurated on the 
Rio Grande National Forest is to determine the effect of forest cover upon 
the high and low water stages of mountain streams ; the total run-off from 
mountain watersheds, as compared with the annual precipitations; and 
the erosion of the surface of these watersheds. The experience gained in 
earlier experiments is to be used, and the most accurate measurements 
possible under the circumstances will be employed. The measurements 
of the factors concerned will be so made as to furnish in a general way an 
estimate of the relative amounts oi run-off and of evaporated water for 
each watershed. Since there is a very small possibility of an escape of 
the water of precipitation by percolation other than through the main 
channels of the streams involved, there is no third element to be measured. 
This fact has been established by geological examination wliich shows 
that the watersheds are underlaid by a practically impervious mass of 
lava in which both horizontal and vertical fissures are uncommon. 

In this study the comparison of the forested and non-forrested moun- 
tain watersheds is to be obtained by means which can not fail to give con- 
\incing results. The element of time is sacrificed to this end. Measure- 
ments of the streams in two watersheds, both covered with moderately 
heavy forests, will be conducted for a number of years. In the meantime, 
all of the factors which may affect the character of the flow of either 
stream will be carefully measured. By this process a certain relation will 
be established between the two streams for vaiious climatic conditions of 

(5a) 
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a known character. For instance, it will be found that a given amount of 
precipitation produces in one watershed a flood of a given height, and in 
the other watershed a flood of slightly different height, both, however^ 
influenced by forest covers of practically the same character. Or, again, 
a given amount of snow melting under given temperature conditions of 
air and soil produces a certain flow in each stream. When this com- 
parison has been carried on long enough to establish a number of distinct 
relations between the streams of the two watersheds, one watershed will 
be denuded while efforts will be made to improve the forest conditions 
upon the other. There will be, therefore, upon the forested waterslied 
practically the same conditions affecting the flow of the stream in that 
watershed as during the earlier part of the experiment, while upon the 
denuded watershed the conditions will have been changed only so far as 
the forest cover is concerned. Any changes in the relative behavior of 
the two streams, as before and after the denudation, must, therefore, be 
accredited to the change in forest cover conditions. 

To cite a h3rpothetical case: Under the original conditions of equal 
forest cover, a rainfall of 1 inch in one hour produces a flood in Water- 
shed A of 1 foot of water over the weir, the crest of the flood occurring 
two hours after the beginning of the precipitation, as shown by the auto- 
matic records of rainfall and streamflow. In Watershed B the same pre- 
cipitation produces a flood of 15 inches over the weir, occurring one and 
three-quarters hours after the beginning of the storm. The two streams, 
during the progress of this flood, deposit equal amounts of silt in the 
settling basins as measured by actual weight, and samples of the water 
passing out of the basins show that the two streams carry equal amounts 
of finer detritus. 

After the denudation of Watershed B a similar storm produces in 
Watershed A a similar flood as regards volume and time, while in Water- 
shed B it produces a flood of 20 inches over the weir, occurring one and 
one-half hours after the beginning of precipitation. It is also found that 
Stream B deposits a much larger amount of silt in the settling basin than 
does Stream A. 

It must be admitted that such comparative records as these, involving 
one watershed which is left undisturbed, and another on which forest con- 
ditions are radically changed, whether or not they prove the contention 
as to the value of forest cover in retarding run-off and preventing erosion 
of the slopes of watersheds, must carry conviction which can not fail to 
assist us to a proper understanding of the value of mountain forests. 

The active construction of the dams, roads, trails, and buildings for 
the streamflow experiment was begun about June 1, 1910, by the Forest 
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Service in cooperation with the Weather Bureau. The work is now prac- 
tically finished and the experiment is under way. While no records of 
importance have as yet been obtained, the methods of procedure in the 
experiment are fairly clear. I wish to give you briefly a view of the local 
conditions affecting the experiment and point out some of the important 
details of the work which will illustrate its comprehensive character. 

The Watersheds 

The two watersheds at the Wagon Wheel Gap Experiment Station are 
very much alike with respect to topography, soil, and vegetation cover. 
A good deal of difficulty was encountered in finding two such similar 
areas at an altitude which represents a mean between the heavily-watered 
mountain tops and the low-lying areas where the streams are not perma- 
nent. The area of Watershed A is 223 acres and of Watershed B, 212 
acres. The former has a total length of 7,100 feet and a maximum width 
of 1,800 feet. The latter has a length of 4,600 feet and a maximum 
width of 2,500 feet. It may thus be seen that Watershed A is longer and 
narrower than Watershed B. The visible lengths of the two streams are 
3,400 and 2,300 feet, respectively. Both streams have an easterly bear- 
ing, flowing out of the mountains on to the broad bottom of the Rio 
Grande, where, excepting at the highest stage, they disappear in the 
loose soil of the river bottom. 

The altitude of Watershed A is from 9,375 to 11,360 feet, while Water- 
shed B lies between the elevations 9,240 and 10,940 feet. Xt these eleva- 
tions precipitation is sufficient to feed permanent streams. I think it is 
safe to say that the streams in question have never gone dry. since the 
season of 1910 represents an almost unprecedented drought in this 
locality and the streams at the end of the summer showed discharges of 
.075 cubic feet per second and .050 cubic feet per second, respectively, or 
about 20 per cent of the annual mean discharge. 

In each case the forest cover consists of Douglas fir in the lower reaches 
and Engelmann spruce at the higher altitudes. Douglas fir on north 
slopes is representative of the Eocky Mountain form of this tree. On 
south slopes it forms an open stand of fairly thrifty and commercially 
valuable trees, the litter in most cases covering the ground only in the 
immediate vicinity of the trees. On north slopes the Douglas fir becomes 
more and more supplemented by Engelmann spruce as one proceeds up- 
ward. At the heads of the watersheds the Engelmann spruce stands have 
been considerably damaged by fire, followed by the replacement in some 
cases of Engelmann spruce, but more generally by stands of aspen in 
which the forest floor conditions are quite good. 
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Douglas fir and Engelmann spruce undamaged by fire occupy about 40 
per cent of the area of eacli watershed. In Watershed A the remainder 
is made up of aspen, under most of which there is good reproduction of 
coniferous species, and a small area of bristlecone pine. The balance in 
Watershed B is made up almost wholly of aspen in which there is a 
smaller proportion of good reproduction. 

Both watersheds have been partially burned, the most recent burns 
being about 17 years old, the earliest as much as 60 years. The only bum 
not restocking is at the head of Watershed A and represents about 2 per 
cent of the area of that watershed. 

Steps have already been taken to obtain a stand of Engelmann spruce 
^n part of this area, by seed-spot sowing, and similar work has been done 
in the more open areas of Douglas fir on Watershed A. While the effect 
of this planting, within the period of the experiment, can be but slight, 
yet any improvement of the forest cover of Watershed A occurring simul- 
taneously with the deforestation of Watershed B must accentuate the 
desired contrast. 

As a whole, the forest-cover conditions on both watersheds are fairly 
representative of conditions throughout the Eocky Mountain region 
which furnishes water for irrigation. The areas most subject to erosion 
are the steep, south slopes where the gradient is frequently as much as 35 
degrees and where the trees are far apart. 

At several points on the watersheds there are small areas of "slide 
rock,'^ and other areas where a soil has only recently been created. Out- 
crops of rock in place are few in number and represent an extremely 
small area. Throughout, the fine black loamy soil is interspersed with 
small stones, yet the depth of soil in most cases is considerable. 

The streambeds are littered with boulders which have rolled down the 
steep slopes, and with trunks of aspen trees which are plentiful and of 
good size along the streams. The debris shows no evidence of erosion 
and it may bft assumed that powerful fioods have not occurred in eitlier 
watersheds for many years. In many places the streams are invisible, 
flowing under the loose boulders. This feature is more marked in Water- 
shed B than in A. A notable feature is the short branch stream coming 
in from the north about 400 feet above the dam on Watershed B. This 
comes from a spring, the water having apparently been carried on the 
lava substratum from higher portions of the watershed, breaking out 
where the lava outcrops. There is, however, no reason to suppose that the 
water comes from without the watershed. 

The primary work of the streamflow study is the accurate measurement 
of the two streams involved, continuously and without error through all 
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seasons for a number of years. The secondary work of the study includes 
the measurement of precipitation, temperature, and other meteorological 
factors which may aflfect the flow of these streams. The accuracy of the 
streamflow measurements depends upon two factors, viz., the structure of 
the dams and the construction and manipulation of the automatic stage 
register and the check measurements made by hand. 

The streamflow measurements should be considered first. In order that 
the purpose of each of the various structures involved may be understood 
at the outset, it will be well to enumerate the points which are to be 
reached by this experiment. It is desired, first, to determine the total 
run-oflE of each watershed in cubic feet per annum, finally expressed as a 
percentage of the total precipitation on that watershed and as a supple- 
ment to the calculated evaporation. The soil evaporation and transpira- 
tion from the trees will be affected by the later denudation of Watershed 
B, and the total run-off will be affected in the opposite direction. Sec- 
ond, it is desired to determine the time and degree of the flood and low- 
water stages as related to precipitation and thaws of given intensity. For 
such a study, only continuous records of the discharge of the streams will 
suffico. Such records may be obtained by measuring the height of the 
water over a weir and expressing this measured depth, by means of a 
formula, in cubic feet per second. Third, the amount of silt carried by 
each stream and deposited in a settlio-g basin is to be determined. This 
supposedly will be affected by the deforestation of Watershed B. The 
measurement, by weight, of the silt deposited in the basins is to be sup- 
plemented by physical analyses of the water which passes out of the 
basins. 

Each dam is necessarily located at the lower extreme of the watershed 
involved. Narrow points in the canyons were selected for dam sites, con- 
siderably above the Eio Grande bottom. The structures on the two 
watersheds are identical in every essential respect. There are four im- 
portant parts of each dam, (1) the dike, (2) the basin, (3) the weirs, 
(4) the still-wells. 

1. The dike is expected to raise the surface as well as the subflow of 
the stream to an opening slightly above the original streambed, in order 
that all of the water may be measured. To this end a concrete wall was 
sunk to the impervious stratum xmderlying the loose soil, rock, and 
debris of the streambed. In Watershed A this stratum consisted of 
lava rock on the north side of the stream and stiff yellow clay lying in 
a bed over the rock on the south side. This clay was several feet below 
the streambed. Hence, to raise the water to the desired level, it was 
necessary to extend a wing of the dike upstream until the proper level 
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was attained. The concrete in contact with the clay substratum is just 
as eflfective in checking the subflow as though it were on bed rock, which 
in this case lies at considerable depth, being covered with an immense 
slide deposit of loose rock and sandy loam. In Watershed B the entire 
length of the concrete dike rests on granitic bed rock. The opening at 
the center of the concrete dike is trapezoidal, 2 feet wide at the bottom, 
the walls sloping about 30 degrees from the horizontal for a distance 
of 2 feet. Beyond this the walls of the dike rise gently toward each end. 

2. Through the opening in the dike the water pours in a thin, broad 
sheet into the basin. The basin is trapezoidal in ground plan, being 
only 6 feet wide at the upper end, while the lower end, which is supported 
by a cribbing of logs filled with rock, is 18 feet wide. The length of 
each basin is 25 feet and the total depth 4.5 feet. However, the water 
begins to pass out of the basins when a depth of 3 feet is attained and 
the additional foot and a half is only necessary to provide room for the 
water in case of floods. The capacities of the basins are proportional 
to the areas of the watersheds. Basin A has a capacity, to the weir, of 
888 cubic feet, while Basin B will hold 846 cubic feet before the water 
I)egin8 to pass over the weir. Hence, under normal conditions, the 
waters of the two streams have about the same amount of time for set- 
tling. Under the low-water conditions existing in September, 1910, 
three or four hours were required for a complete change of the water in 
the basins. 

The walls of the basins are of concrete, 5 or 6 inches thick, and faced 
with a rich mixture of sand and cement. The floors are equally, thick 
and are capable of withstanding a great pressure of water. In the south- 
east comer of each basin there is a depression of about 1 inch in the 
floor, to facilitate draining when it is desired to remove silt from the 
basins. When the basin is to be drained the stream may be diverted 
through a 4-inch iron pipe from a point in the streambed just above, the 
dike to a point below the dam. 

3. Having stood in the basin until cleared of silt, the water passes out 
over a weir without appreciable velocity. At each dam there are two 
weirs; the first 12 inches wide, its crest 3 feet above the bottom of the 
basin; the second, 24 inches wide, its crest 6 inches higher. The latter 
is a storm weir and is not expected to come into play except at times of 
very unusual discharge. The water begins passing over the larger weir 
when it is 6 inches deep over the smaller one. It is only necessary to 
know at any time the height of the quiet water in the ])asin as compared 
with the level of the small weir to calculate the discharge from each 
weir and the sum of the two. 
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4. The still-wells are simply vertical tulles connected with the main 
body of water in the basin. In these tubes, which are merely cavities 
in a concrete block, the water stands undisturbed by wave action, which 
would prevent accurate measurements in the larger body of water. The 
concrete pier is 39 X ^^ inches at the base. One foot above the base 
there is a 4-inch iron pipe with both ends open into the water of the 
basin and with two vertical openings into the two still-wells. The 
larger still-well is 5 feet deep and 10 inches in diameter. Over its 
upper opening the automatic stage register rests upon the concrete. 
The smaller still-well is only 2 feet deep and 4 inches in diameter. The 
surface of the water in this tube is visible fronr above and the level of 
this surface, as determined by a hook-gauge, represents the actual depth 
of the stream which passes over the weir. 

All the water of the stream passes into the basin and is to be meas- 
ured as it passes out over the weir. The hook-gauge measurements 
show the level of the water in the basin as compared with the level when 
the water begins to flow over the weir. An accurate measurement of 
this sort is made only as a check upon the automatic instrument which 
is designed to show every minor fluctuation of this water level. These 
fluctuations, of course, indicate variation in the discharge of the stream 
in which the time element is no less important than the element of 
quantity. 

In the Friez Elver stage-register a continuous record of water level 
is made by a pen upon a ruled sheet which is wrapped about a drum. 
This drum is revolved by the rising and falling of a float in the larger 
still-well, these fluctuations corresponding to those of the surface of the 
water in the basin. The zero point on the sheet represents the level of 
the weir crest. Variations from this level may be accurately read on 
the sheet to one-thousandth of a foot. The time element is indicated 
by the movement of the pen across the sheet from left to right, actuated 
by clockwork. A single sheet carries the record for one week. The 
time of any specific part of the record may be determined with an error 
not exceeding ten minutes. 

It is expected that the automatic instrument can be operated through- 
out the year by using in the winter a light oil which will not freeze on 
the surface of the water in the still-well. It is known that the streams, 
when both watersheds are covered with a normal amount of snow (which 
is 3. or 4 feet in midwinter), continue to flow during the coldest weather. 
This water probably has a temperature several degrees above freezing 
and it is expected that it may be kept from freezing in the basin by pre- 
venting radiation, and that the weirs may be kept open. To this end 
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each basin has been covered with a flat platform supported by heavy 
joists which are capable of holding the immense load of snow which in 
turn will serve as a blanket for the water in the basins. Over the top 
of the concrete pier, which projects a foot above the level of the plank 
covering, a small shelter house has been built to protect the automatic 
stage register and the observer who must adjust it in the coldest weather. 
Within this house there is a trap-door in the floor which permits the 
observer to reach the surface of the water in the smaller still-well for 
the purpose of making hook-gauge measurements. 

In the event of the freezing of the water which would prevent the 
operation of the stage register, the ice must be broken daily and a hook- 
gauge measurement must be made while a normal flow can be main- 
tained over the weirs. Since in extremely cold weather fluctuations of 
discharge would be very slight, a single daily measurement of this kind 
will suffice to give the total discharge for the period. 

The auxiliary meteorological records, explaining in a scientific way 
the behavior of each stream as shown by the records of the stage register, 
are to be obtained at a number of stations. 

Near the lower end of each watershed in the forest on the north slopes 
is located the main meteorological station for that watershed. These 
stations are designated A-1 and B-1, respectively. Their equipment is 
very complete and is intended to show every fluctuation in the tempera- 
ture of the air -and the soil, the maximum and minimum temperatures 
each day, fluctuations in the atmospheric humidity, the rate of evapora- 
tion from a free water surface, the rate of wind movement in the forest, 
and, most important of all, the exact amount of precipitation in the 
form of rain and snow, and the time at which it falls. 

Opposite these primary stations on south slopes are secondary sta- 
tions, designated A-2 and B-2. Their equipment will give only the 
maximum and minimum temperatures for each day and the total amount 
of rain and snow. Both the primary and secondary stations, however, 
will be visited every day. 

At a point which represents conditions at the upper extremes of both 
watersheds, there is a third primary station which will be visited semi- 
weekly. From its instruments will be obtained a continuous record of 
the air and soil temperatures at that (high) elevation and the maximum 
and minimum temperatures for whatever period may elapse between 
successive observations. Here, also, the amount and time of precipita- 
tion will be recorded, since it may affect the flow of both streams. 

A fourth primary station is located near the headquarters and will 
furnish all of the data ordinarily obtained at a first-class Weather Bureau 
station. 
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In addition to these stations there will be about 15 snow scales on 
each watershed, covering the entire area and furnishing a basis for an 
accurate estimate of the amount of snowfall and its rate of melting. 

Of all the factors to be measured none will be of such direct impor- 
tance, in its effect upon the character of the discharge of the two streams, 
as precipitation. The measurement of rainfall will be carried on at 
three stations for each watershed. At two of these automatic records 
will be obtained which will show the time relation of storms and floods. 
This measurement is comparatively simple, while the measurement of 
snowfall and the rate of melting of snow is a much more intricate work. 
By using a freezing solution in the evaporation pans which serve also as 
rain gauges, it will probably be possible to obtain a direct time r^tord of 
snowfall expressed in its water equivalent, in the spring and fall when 
there is likely to be melting and run-off. During the colder part of the 
season, however, when thawing occurs only on the surface of the snow, 
the numerous snow scales must be depended upon to furnish a mean 
figure for the depth of snow on each watershed, its accumulation, and 
disappearance by melting and evaporation. The snow scales will all be 
read semi-weekly, and at the same time a vertical sample of the snow, 
on the ground at each scale, will be obtained and its water equivalent 
calculated by weighing. 

Air and soil temperatures must necessarily be measured, since they 
affect primarily the melting of snow and consequent floods, and affect 
secondarily the evaporation of rain water, soil moisture, water in the 
trees and in the streams. Thermograph records showing all of the fluc- 
tuations of temperature will be obtained at each end of each watershed 
and will show the number of hours each day when thawing is possible. 
Of no less importance are the thermometers placed at a depth of 6 inches 
below the surface of the ground which will indicate the possibility of 
the melting of snow banks from beneath or of the accumulation of ice 
from snow melted by the sun^s rays. Both air and soil temperatures 
will have their greatest effect upon streamflow when the snow is melting ; 
but it has already been demonstrated at Wagon Wheel Gap that there 
may be a daily fluctuation, on account of temperature, amounting to 18 
per cent of the minimum discharge of the stream. 

The rate of evaporation from the surface of the water in a 3-foot pan 
is to be determined at one point on each watershed for the purpose, first, 
of giving a general estimate of the amount of water lost by evaporation 
from the soil and transpiration from the trees in different seasons, as 
compared with the total precipitation; and, second, for a comparison of 
the rate of evaporation on a forested and deforested area. Fairly accu- 
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rate measurements in Europe have shown what relation exists between 
the rate of evaporation from a free water surface in the forest and that 
from various kinds of vegetative cover. 

The relative humidity of the atmosphere as it may affect the rate of 
evaporation will be determined by hydrographs at one station on each 
watershed and by check readings of the psychrometer at several other 
stations. 

The rate of wind movement will be measured in the forest, since it 
may affect the evaporation from the pans and will also be determined 
along with w;nd direction at the headquarters. The general direction 
of the wind, whether from the mountains or from the valley, has a direct 
bearing upon changes in temperature. 

The numerous streamflow and meteorological records obtained will be 
recorded not only upon the usual Weather Bureau forms which will be 
available to any student of the subject, but will also be immediately 
worked up into a continuous graphic record. For each watershed this 
graphic record will consist of cun^es showing the discharge of the stream 
in cubic feet per second, the current rainfall for half-hour periods, the 
water equivalent of snow lying upon the watersheds, the fluctuations of 
air and soil temperatures, the rate of evaporation from the free water 
surface, and the amount of detritus carried by the stream. 

From considerable experience in the expression of natural phenomena 
in the form of graphic records, I feel certain that the correlation of all 
of this data in the form of paralleling curves will furnish the clearest 
index of the relation of all the physical factors to streamflow. A multi- 
tude of figures is usually confusing, while the same figures expressed in 
the form of curves may be very elucidating. Thus, in obtaining a com- 
parison of the discharge of the two streams before and after the denu- 
dation of Watershed B, first reference will be made to those graphic 
records in the search for similar sets of climatic conditions. Having 
found these and determined the character of their effect upon the stream- 
flow, the more accurate data may again be obtained from the tabulated, 
figures. 

The experiment which I have described to you is the only one of its 
kind tliat has ever been instituted, except tlie Euimenthal experiment 
in Switzerland, near Zurich. It must, I believe, always stand as an 
example of the scientific thoroughness in the solution of forestry prob- 
lems, which can only be obtained by concentrating the efforts of experts 
at permanent experiment stations, on the ground. The length of time 
involved in this experiment must be determined entirely by the occur- 
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rence of a variety of climatic conditions. Whether it be ten years or 
twenty, its results must aifect a large number of people, and I believe 
that it has a claim to recognition by all those who are interested in the 
problem, whether they be foresters, meteorologists, engineers, irrigators, 
or merely farmers on river bottoms subject to inundation. Its comple- 
tion will, I hope, put an end to the meaningless discussions which have 
been so much heard in recent years. 
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THE PHILIPPINES AS SOUKCE OF GENERAL CONSTRUC- 

TION TIMBERS 

DR. H. X. WHITFORD 
{(-ontributcd) 

Recent investigations of the Bureau of Forestry in the Philippine 
Islands have developed some interesting facts concerning the nature of 
the forests of these Islands. It has been roughly estimated that the 
amount of standing timber in the Islands will reach at least 200 billion 
board feet. The area of the Islands is approximately 120,000 square 
miles. About one-third of this, or 40,000 square miles, is in virgin 
forests. These may be divided into the following forest types : 



Dipterocarp types 



1. Lauan type. 

2. Lauan-hagachac type 

3. Yacal-lauan type 

4. Lauan-aptiong type 

5. Tanguile-oak type 

6. Molave type 

7. Pine type 

8. Mangrove type 

9. Beach type 
10. Mossy type 

It will be noticed that the first five of these types are grouped under 
one name, viz : ilipterocarp, because the characteristic trees belong to the 
Dipterocarpeae, the principal tree family of the Philippines. It is dis- 
tinctly a tropical family, confined to the Indo-Malay region. The esti- 
mated stand of timber in the dipterocarp types is 192 billion board feet as 
contrasted with 8 billion board feet distributed among the other types. 
Within the dipterocarp types approximately 75% of the total or 144 bil- 
lion board feet of the standing timber belong to members of the family 
that gives the type its name. 

The dipterocarp types are found on nearly all kinds of topography, 
from immediately behind the frontal zone on the beach to an altitude of 
approximately 800 meters on the slopes of the largest mountain masses. 
From the standpoint of the botanist the composition of these forests is 
complex, but from the standpoint of the lumberman it is comparatively 
simple. 

Practically all the species of the dipterocarps are large trees, reaching 
lieights of 130 to 180 feet and from diameters of 31/2 to 6 feet. They 
(04) 
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have straight, regular boles resembling in size and shape the yellow poplar 
of the United States. Some of the tree species of the other families have 
a size and form similar to the dipterocarps, but by far the greater ma- 
jority of sub-dominant species, many of which have ill-formed boles, are 
much smaller in diameter and length. From a botanical point of view 
these add greatly to the complexity of the forest, but for commercial con- 
siderations they are not very important. 

Some idea of the relative importance of these trees can be given by 
reference to certain stands in different parts of the Islands where valua- 
tion studies have been made. A large area in the Island of Xegros shows 
a stand of approximately 45,000 board feet per acre, 43,000 of which are 
members of the Dipterocarp family, comprising about six different species. 
This forest grows under the very best conditions at the foot and on the 
lower slopes of the mountain. The soil is not too dry and the drainage is 
good, so that there is not an accumulation of an excessive amount of soil 
moisture. 

The delta plain in the Island of Mindoro shows a stand of approxi- 
mately 16,000 board feet, about 9,000 feet of which belong to the diptero- 
carp family. In this situation during the rainy season the soil on large 
areas is veiy moist, which is presumed to be a detriment to the best de- 
velopment of the forest. Certain species of dipterocarps, however, are 
adapted to these conditions and one at least seems to thrive in no other 
place. 

Again, an area on dry, coastal hills in the Island of Mindanao shows a 
total stand per acre of about 29,000 board feet, 14,000 feet of which 
belongs to the dipterocarp family. Here, again, certain species of the 
dipterocarps are foimd adapted to the shallow, rather dry soil of these 
coastal hills, and if found elsewhere are only poorly developed. 

Certain regions of the Philippines have a pronoimced dry season. 
Other regions have no dry season or one so short that its effect upon the 
forest is not marked. The above described forests occur in regions where 
the latter climate prevails. Another type of dipterocarp forest occurs in 
regions where the dry season is rather pronounced. In spite of this the 
dipterocarps still maintain an ascendancy over all other species. For 
instance, a large area in the Pro\'ince of Bataan shows a total stand of 
about 28,000 board feet, 19,000 of which belong to the family under 
discussion. 

A large number of other instances could be given where the predomi- 
nance of this family is shown, but enough examples have been cited to 
show that the conception of tropical forests so far as the Philippines are 
concerned must be changed. The studies made in the Philippines show 
5 — F 
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clearly the predominance of one family of trees. This family contains 
about 35 different species. Of this 35, 12 or 15 are by far the most suc- 
cessful. These occur in so heavy stands that modem lumbering methods 
can be and are being used to extract them. 

It has been maintained that the Tropics produce no timbers suitable 
for general construction timbers; that the wealth of the tropical forests 
is not in general construction timbers, but in those of the mahogany and 
teak grades, and that such trees are so scattered that the expense of ex- 
tracting them is very great. It is shown above that the dipterocarp tim- 
bers are in sufficiently heavy stands to be extracted by the aid of ma- 
chinery, and that the members of the predominating family are tall, 
straight-boled trees and free from knots. The question now arises, what 
is the character of the wood of the species of this family ? 

From the standpoint of the lumberman, the woods of this family may 
be divided into three groups, namely: the lauans, the apitongs, and the 
yacals. About ten species of the dipterocarps furnish the wood that can 
be classified with the lauans. These woods vary in color from a light, 
creamy, and bther shades of brown to red. They are soft to moderately 
hard and light to moderately heavy. They are all coarse, but straight- 
grained, free from knots, easily worked and in general mechanical prop- 
erties are not greatly dissimilar to the pines and their allies. When 
quarter sawn or slash sawn with a figure, they show a beautiful grain. 
They are readily attacked by fungi and white ants, but not more so than 
is Oregon pine — their chief competitor in Philippine markets. When 
they reach the market they are usually sold under one of three woods, 
namely : white lauan, red lauan, and tanguile. Locally they are used for 
a great variety of purposes. They are especially adapted for light and 
medium construction work, in which they find their greatest usefulness. 
In this respect they are to the Tropics what the lighter grades of pine are 
to the temperate regions. Nevertheless, for many classes of construction, 
because of their color and beautiful grain, they are superior to the pine. 
This is especially true for interior finish of all classes. The better grades 
of lauan and tanguile for this reason are now finding a ready market in 
the United States under the trade name of Philippine mahogany. No 
less than one-half of the standing timber of the Islands are lauans. It is 
by far the most important group of timber in the Islands. 

About four species are the principal source of the wood known as the 
apitongs. They grade in color from dirty, brownish-red to red. In hard- 
ness they are moderately hard to hard. lii weight they are moderately 
heavy. They are usually coarse and straight-grained. They are used for 
many purposes, but are especially adapted for heavy construction where 
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contact with the ground is not necessary. For general construction 
qualities the apitongs are comparable to the hard pines of the temperate 
regions. In abundance, they are next in importance to the lauans. 

The third group of woods of the dipterocarp family, known as the yacals, 
come from about six different species. They are usually yellowish-brown 
in color, becoming darker with old age. They are hard and heavy. They 
are as free from the attacks of white ants and fungi as any so-called 
durable wood used for construction purposes. The yacals are general all- 
round construction timbers where contact with the ground is necessary, 
and because of this are much sought for railroad ties, paving blocks, and 
house posts. They are also used as bridge timbers, in various parts of 
ships, and for construction of houses. It is estimated that there is more 
standing timber of the yacals in the Islands than all the other so-called 
standard durable timbers put together. 

The above studies show that the chief supply of timber of the Philip- 
pine Islands comes from species of woods that can be used for general 
construction purposes, and that such woods are found in sufficient abun- 
dance to warrant their extraction by modern methods of lumbering. Thus 
it will be seen that the usual idea that the Tropics do not produce con- 
struction timbers in heavy stands does not hold for the Philippine Islands. 
It may be that the Philippines are unlike the other Tropics in this regard, 
but the author is inclined to believe that our knowledge concerning 
tropical forests of other countries is not sufficient to warrant the state- 
ment that they do not contain cheap construction timbers in large quan- 
ities. The notion that the Tropics in general contain only hard, durable 
timbers, scattered, and hard to extract, comes not from a systematic study 
of the forests, but from what has been taken from the forest and placed 
on the markets of the temperate regions. A vast majority of the timbers 
used in the Indo-Malay region is mainly from the family of dipterocarps. 
They are the chief general construction timbers. As a rule, the more 
durable timbers of this family are sought because they are more resistant 
to the attacks of white ants and fungi. Nevertheless, in the Philippines 
the largest consumption of timber for local purposes is of the varieties 
of woods produced by this family that are neither durable nor resistant 
to the attacks of white ants and fungi. It is believed that treatment with 
preservatives will render such timbers much more useful. 
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ECONOMIC POSSIBILITIES OF PINUS SABINIANA 

CHARLES H. SHINN 

(Contributed) 

The range of this sun-loving pine of the Californian foot-hills is so 
wide, its endurance of thin, dry soils is so extreme (and its response to 
better conditions so marked), that it seems to justify care and study. 

Of course all students of the Californian semi-arid foot-hill conditions 
recognize the silvicultural importance of P. sabiniana in helping to ex- 
tend forest conditions further toward the valleys, but hitherto our writers 
have generally stopped with this, and have accepted the pioneer view 
that the tree is really worthless commercially. 

It is perfectly plain to all of us that P. sabiniana has not been utilized 
anywhere, excepting in very small and haphazard ways (and by some 
miners on a large scale for "props" in "wet" mines, where the timber is 
very durable). In fact, for many years the tree appears to have been 
wholly neglected as one which yields neither lumber nor firewood. We 
have, however, a lesson in the economic history of the lesser eucalypts. 
Von Mueller, Bosisto, the Melbourne Technological Institute, and other 
people and forces worked half a lifetime on the essential oils of species 
long held utterly worthless before the world's markets began to respond. 
Something like this may prove to be the history of long-neglected Amer- 
ican trees such as P. sabiniana. If we question them long enougli we 
shall get our answers. 

Botany and Habitat of P. Sabiniana 

This species is held to belong to the white pine sub-genus, not to the 
yellow or pitch-pine group. Some of the botanists regard it as a real 
genus, and certainly the small arid-zone nut-pines taken as a whole 
seem ver}^ well separated from the white pine and the yellow pine 
groups. The degree of separation has an important bearing on the 
problem of cross-fertilization — i. e., of the possibility, or otherwise, of 
producing valuable hybrids for the forestry of the future. 

Pinus sabiniana, or the "gray foot-hill pine," is one of the most 

characteristic trees of nearly the whole foot-hill belts of both Coast 

Eange and Sierra. It endures a summer temperature of 115° Fahr., 

and a very low winter rainfall. In the Huero Huero region in San 

(68) 
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Till is Obispo, where the rainfall never exceeds 15 inches and often is 
below 6 inches, this pine grows so abundantly and well that the first 
settlers built a small mill and sawed all the lumber for their cabins. 

My own observations show that in seasons of very severe drought, when 
some of the native oaks died (rainfall of two successive years amounted 
in total to less than eight inches), the digger pines continued to flourish 
in the most arid portions of the Coast Range. Where the soil is deep 
and the roots can descend, such a tree has immense drought-resistance. 
Fifteen inches of rain, on the porous granite of some of the Sierra foot- 
hills, is less useful to a tree than four inches on the clays of the Coast 
Eange. 

The botanists note with interest that this pine is entirely lacking over 
large areas where it would naturally thrive; there are remarkable 
* 'breaks'^ as one comes up the mountain ranges from southeast to north- 
west. The geologists may be able to find some clues to this, but unless 
some cause once stripped those areas of vegetation, one can not now see 
why P. sabiniana should grow so abundantly north of Kings Eiver and 
??outh of Eshon Valley, but not between these points. 

The Huero Huero Saw-mill 

In the Huero Huero region the settlers sawed their lumber from this 
species. An English colony bought land from a Spanish grant, in a 
^Vheaf^ year (one of heavy rainfall). The colonists put up cabins, 
blacksmith shop, store, etc., and many board fences, from this lumber, 
and they are still in use. Three or four other cases in which this pine 
was sawed by settlers have occurred in California. In order to obtain 
fair second-grade lumber for ranch use, the logs must be peeled as soon 
as felled, and sawed when a month or two down; the board should be 
seasoned in the shade under heavy weights. 

Natural Size and Age of the Tree 

While the authorities have differed widely on these points, close field 
study will convince any one that some injustice has been done this species 
by most of the statements hitherto printed about it. 

Silvical Leaflet No. 33, says : "Small" and "under 60 feet," and "from 
12" to 18" in diameter." Sudworth says 18" to 30" in diameter and 
notes the usually bent branching growth of isolated trees. He thinks 
that full growth is from 60 to 80 years. 

Now, these sizes and age estimates are much too low. The tree fre- 
quently attains a diameter of 4 feet. Dr. Kellogg, in "Forest Trees of 



Digitized by VjOOQIC 



70 PROCEEDINGS OF THE SOCIETY OF AMERICAN FORESTERS 

California/^ mentions a tree 5 feet in diameter, and he secured very care- 
ful measurements. 

One tree of which a record waa taken this year by Eanger Mainwaring^ 
had a diameter of 46 inches. Its age was 85 years. The height was 90 
feet, though it had a much broken top. Under normal conditions this 
tree might easily have reached a diameter of 5 feet and a height of 120 
feet. Other tree records sent in by Eanger Clark were as follows : 

No. 1— Diameter 33". Age 152 years. 
No. 2— Diameter 26". Age 90 years. 
No. 3 — ^Diameter 16". Age 45 years. 

These three were on much poorer soil than in the case of the Main- 
waring tree. But all through the Sierra foot-hills there are trees of 
upwards of three feet in diameter, ranging in age from 80 to 175 years, 
and in height from 75 to 110 feet. These trees stand in rather better 
soil, and sheltered, not on the exposed points. We cut one tree to creo- 
sote for a telephone pole, in such a barren place, and with a diameter of 
8 inches it showed 95 rings. Ha.lf a mile distant was a 4-foot tree, with 
the same rainfall and climate, but on better soil, and certainly of less age. 

There is hardly a pine in California which makes quicker growth in 
youth, imder favorable conditions, nor any, except it be the lodgepole, 
which sooner reaches the cone-bearing age. There is need of more 
complete tree-records on this species from all parts of California at dif- 
ferent elevations and in different soils, before we reach final conclusions 
as to age and size. 

Causes of Neglect of this Tree 

When a pine of very poor appearance and much scattered growth occu- 
pies foot-hill belts, along which many pines and easily accessible species 
grow, and when the native oaks furnish a better fire-wood, it is of course 
inevitable that all its dormant possibilities are neglected, that it is de- 
spised by every settler, that it is called "poisonous to the soiP and a 
"detriment to the coimtry.^' 

Under these conditions many and suggestive instances of profitable 
uses of this tree are completely overlooked. Therefore we are tempted 
to go afield, to other lands, looking for hardier, drought-enduring pines 
to take the place of this highly tolerant native. 

But with the suppression of fires in recent years, the yellow pines have 
moved down the creeks and ridges, and the digger pines have moved 
up a little here and there. Their common territory is thus somewhat 
more definite than it was ten years ago. If ever a true hybrid occurs 
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(a much to be desired but profoundly difficult and unlikely thing), it 
will be in this overlapping zone (mainly about Jersey dale, N'orthfork, 
and in Jose Basin, in the Sierra National Forest). 

One of the principal reasons why this tree has been so much neglected 
by foresters is because of its branchy habit of growth. This certainly 
appears natural, for it predominates throughout California, and yet 
there are abundant signs that similarly hard, but not unavoidable local 
conditions are chiefly to blame. 

Our frequent foot-hill fires and the fondness of rodents (and In- 
dians) for the seeds, drove the sugar pine to the rocks and canyon 
heads, and that made its growth chiefly in isolated, much-branched speci- 
mens. Saw-logs became impossible to find, though in the early fifties 
this lumber was frequently used for inside finishing, and is often a reallj^ 
beautiful wood. P. ponderosa, grown under similar conditions, as on 
the Inyo side, and low down on the Western slope, becomes similarly 
difficult to utilize-^"one saw-log to a tree." Moreover, the difficult 
struggle for life that this half -savage pine of the foot-hills has under- 
gone, makes it unusually susceptible to attacks from fungous diseases 
and parasites; it somehow struggles through every foot-hill fire, scarred,, 
broken, and wounded, but mistletoe and fungi assail it constantly. 

The tree has also been neglected because of the very rapid decay of its 
wood when exposed to "wet and dry" conditions. Posts from 6-inch 
poles rot entirely off in one or two seasons, and frequently are a mass 
of fungi at the surface of the ground in less than three months after the 
rains begin. Split posts are little, if any, better. While creosote treat- 
ment should remedy this, the interesting fact is to be noted that the 
'^oleoresin" of the digger pine does not permit creosote to enter deeply 
or easily, and a lot of experimenting seems necessary before a really cheap 
and effective process for making digger pine a substitute for redwood 
and cedar as posts will be found. Unless such process is found, digger 
pine posts will be of little value to the foot-hill farmers, as the table 
below illustrates: 

Comparative Cost {Retail) of Posts on Farm 

^^^'^^^^- posts. durability. 

Coast Redwood (Sequoia sempervirens) $250.00 20 to 25 years. 

Mountain Cedar (Lihocedrus deourrena) 200.00 15 to 20 years. 

Digger Pine (Pinus Sahiniana) 100.00 1 to 2 years. 

The above prices are averaged on the cost at a number of farms in the 
San Joaquin Valley about equidistant from the railroad and the foot- 
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hills. The redwood must be hauled from the station; the cedar must 
come down from the cedar belts of the Sierra; the digger pine is the 
"short haul/^ 

All the authorities agree that the digger pine has a high fuel value, 
especially for furnaces, so much so, theoretically, that it is indicated as 
by far the cheapest and best for steam-power houses in the foot-hills, 
and, if near a railroad, it could be utilized in the place of oak. But it 
must be mainly handled by machinery, not with the axe, as the inter- 
locked, irregular wood-fibers render its cutting difficult and expensive. 
This has gone far to prevent its use for fuel by the pioneers. It is 
said, however, that it splits much better when ^^alf-dry" than when 
green or entirely dry. Trees normally developed under forest condi- 
tions would cut and split much more easily than the many-branched 
isolated specimens which now form the bulk of the older sabinianas in 
the foot-hills. Even now, individuals vary greatly in this respect. 
These are specimens which are as straight-fibered as a good yellow pine. 

Probable Increase of this Species 

It is only within the past few years, or since the establishment of the 
ISTational Forests, and an awakened public interest in checking the 
foot-hill fires, that P. sabiniana has had much chance to show its real 
characteristics of growth under favorable conditions. It seeds so abun- 
dantly, and ever}^ season, too, that if fires are prevented, and if some- 
thing can be done to lessen the damage from rodents, this pine is likely 
to considerably increase its area, and also to greatly increase its density 
of stand. 

Our foot-hill oaks show a great deal of decrease, and little reproduc- 
tion, and are rapidly disappearing under the increasing local demand for 
fuel. This pine, and the larger shrubs, must aid in the fuel-supply 
within five years. The steady increase of foot-hill pine, which in its 
earlier years grows up through the thickest chaparral, is a very important 
economic asset to this region. 

The strict limiting of the number of hogs allowed to graze at large 
gives this pine a better chance, and also helps the oaks, as hogs eat all the 
pine nuts, as well as all the acorns they can find. In fact, if tree seed 
in the foot-hills is worth even five cents per pound, a band of hogs soon 
destroys ii\e dollars' worth of seed per animal. 

But in spite of all these local difficulties, Pinus sabiniana is spreading 
more widely through the oak and chaparral belt in a noticeable way, and 
one finds more "thickets^' of young pines now than ten years ago. There 
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are still no closely grown P. sabiniana groves, but with continued pro- 
tection from fire such groves might appear eventually. 

Some Needed Investigations 

The stand of this pine has never been estimated separately, any more 
than that of the alpine pines, such as Balfouriaria and Monticola. All 
of the foot-hill growth runs together as cord-wood. But, in view of the 
larger areas affected, in and near the forests, the probable development 
of new economic uses, for such products of this pine (as the oleoresin), 
and also the increased growth of this species, a number of studies of 
selected areas are advisable. These areas should be chosen on different 
soils at different elevations. Some should properly be fenced and pro- 
tected ; others should be under natural conditions. 

First — Sample Areas, It is important to know the extent to which the 
density of the stand of Pinus Sabiniana is increasing under favorable 
conditions. (The first rude attempts to control fires on the Sierra Forest 
were in 1899; in 1903, these efforts became much more definite.) Now, 
as far as my observation goes, the bulk of the young trees are 10 years 
old and younger, and each year of good rainfall, better reproduction 
shows. 

Grazing of hogs in the Forest was brought under some control in 1903. 
The Forest was extended in 1908, taking in more of the foot-hills, and 
county fire-wardens have more or less protected the Western border since 
then. 

Second — The Soil. P. sabiniana on adobe, or stiff clay, or on long- 
abandoned farms, once plowed, but now reverted to woodland, makes an 
even upright, and more dense growth. Even in thickets of this pine, 
lioM^ever, the lower branches are remarkably persistent, because so much 
light sifts through the loose, open tops. Still I can see no silvical reason 
why saw-logs could not be produced under these conditions if desired, 
especially for construction timbers, the strongly indicated best use of this 
tree. 

Third — Loss of Leaders. This pine is very subject to loss of the leader, 
from insects, fungous diseases, or especially brittleness of young growth 
early in the season. Last February, in one day^s ride along the border of 
the yellow pine and digger pine country, many digger pines were no- 
ticed to have lost the leaders, and were replacing them with several lateral 
branches, no one of which was suppressing the others. Brittleness was 
here apparently the principal cause, as the losses were almost entirely on 
the windy ridges, and not in the sheltered hollows. 
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But in the Coast Range (Santa Lucia Mountains, San Luis Obispo 
County) and in the Shasta and Tehama foot-hills, many leaders of Pinus 
Sabiniana are destroyed by two microscopic fungi, one whitish, the other 
orange colored, which form knots and swellings on the leader several 
joints from the tip. The California Academy of Science investigated 
these some twenty years ago; the first was called Daedalia vorax, and the 
second Peridermium harknessi. It might be that the j)ecailiar gaps ob- 
served in the distribution of this pine along the Sierras are due to ancient . 
assaults of these microscopic enemies. 

Fourth — Seed Sowing. The best way to produce a dense growth of this 
pine is to establish it artificially. There ought to be no further delay in 
this matter, for a five-acre grove would soon solve the problem as to the 
possibility of establishing cheaply and rapidly dense stands of this species. 
It seems to me that we can, — that no other pine is so well adapted to the 
lower foot-hills, nor so capable of improvement in respect to stand. 

Fifth — Timber Observations and Tests. Specimens should be obtained 
from the Coast Range, and the Sierras, at different elevations, on different 
soils, and from trees grown under both forest and woodland conditions. 
These specimens will doubtless exhibit a great variety of results — greater 
than that obtainable from any other California pine. 

The timber of this pine has been variously described by writers, Kel- 
logg, Lemmon, Parry, Gray, Sudworth, Sargent, and others as "white,'^ 
"brown,^^ "reddish,^' etc. It seems to me brownish, and of most varying 
texture. The isolated trees, of course, yield a very coarse-fibred timber. 
Trees grown closer, yield much finer-grained and softer wood. The timber 
of such trees was used in California for many years for ox-yokes and is 
preferred to any other wood for that purpose. Very marked is the prob- 
able value of this pine for construction timbers, especially bridge-work, 
when so treated as to preserve it. Kellogg lays stress on the. value of this 
pine for saddle-tree and many other farm uses. I liave myself seen it 
preferred to oak and ash for plow beams and wagon bolsters. The Cali- 
fornia miners have used much of it underground for props wherever it 
remained wet all the year. 

Modern conditions seem to require more cheap, low-grade, easih' ac- 
cessible, and rapidly grown lumber, as well as the standard species. A 
tree which averages 2 feet in diameter and often reaches 4i/^ feet, which 
grows at the door of the foot-hill settlers, and whose yearly increment is 
especially high, would seem to justify careful and long-continued experi- 
ments upon its timber. 
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Products of the Tree, 

The Nuts. The few species of nut bearing pines in the United Statea 
and Mexico, principally P. monophylla, P. quadrifolia (formerly P. 
parryana), produce such edible and rich nuts, capable, one would sup- 
pose, of improvement in size, if the work were taken up by horticulturists, 
that it seems as if something might be done to develop an industry, and 
supply a wider market. Eoasted pine nuts are for sale in a few local 
markets, and are delicious, but the supply is not yet reliable. The nuts 
of Pinus pinea fragilis, a variety of the well known Italian stone pine» 
form a profitable crop in Southern France. 

The various "pinon" nuts divide into two classes, the ^^thin-shelled,'^ 
which can be crushed between thumb and finger, and the "thick-shelled,^^ 
which require a hammer. Though "thick-shelled" as is the P. coulteri 
seed, the nut of P. sabiniana is one of the best. In time the leading pine 
nuts will perhaps have a steady market value for food in this coimtry as 
elsewhere. The Nepalese native proverb in relation to P. gerardiana, the 
Himalayan nut-pine, a tree 40 to 50 feet high, is that "one tree keeps a 
man all winter." 

The Oleoresin, The tree when properly tapped in the spring yields 
oleoresin, which is generally called its "turpentine," and which has inter- 
ested many chemists in America and Europe. 

Sierra Forest has for several years supplied some oleoresin, at mere 
cost of collection, to various chemists, in quantities of from a pint to 
several gallons, and has sent small samples without charge. Small 
earthen flower pots, plugged at the bottom, were used instead of the 
regular turpentine cups. 

There are two flowing seasons here. One opens very early and ceases 
when the weather grows hot ; the other is in full current in the middle of 
August. It will pay to tap the trees for several months a year, and that a 
good tree properly handled might yield from one to three quarts in a 
season. The trees are so scattered and of so many age-classes that the 
commercial handling of this product on a large scale only seems prac- 
ticable by securing a definite market price per barrel; by interesting 
small foot-hill farmers, prospectors, trappers, and such persons in collect- 
ing the oleoresin by small, inexpensive outfits. 

The market value of oleoresin is not yet known, as no definite price has 
yet been fixed. Beginners probably could afford to take contracts to fur- 
nish it at a dollar a gallon, and might in time cut under this. A definite 
market, at a price which would pay fair w^ages to the workmen, for any- 
thing like five hundred barrels a year, would soon set fifty small outfits at 
work in the foot-hills. 
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It seems evident that some satisfactory laboratory results have been 
reached in several places, as regards oleoresin. "Science'' noted latelj^ 
that a product of oleoresin is now proposed for making the higher grades 
of linoleum, and that it can be so treated as to make a substitute in 
some directions for India rubber. As oleoresin now goes to the Madison 
laboratory, we shall doubtless know more about it before long. 

Ahietine. etc. As all the pines come under the general family name of 
Abietinae, the application of this term to the extract first put up and sold 
as medicine, by an Oroville druggist some thirty years ago, is not sur- 
prising. This product is said to pass under the names, also, of "evasine," 
"aurantine" and "theoline.'' * When these products were first on the 
market, curiosity was stimulated by the myth that "an exceedingly rare 
conifer unknown to botanists'' had been found (one small grove in Butte 
County) and that "Ahietine" came from thence. 

Other Products. If the pines are tapped on a large scale, there will be 
many dead trees before long, for firewood and for tar, and hence experi- 
ments should be tried later with a tar-pit. 

Some fifteen years ago parties near Xorthfork cut the large roots of 
pine, and obtained by distillation some twenty barrels a year of a very 
high-grade turpentine. This they sold by contract to the Ala'ska Fur 
Company, where it was much liked by one of that firm's large buyers. 
AVhen he died and the little still burned down, the manufacture ceased. 

I had samples of this product in 1903, but at that time thouglit it a 
yellow pine resultant. There may have been some yellow pine in it but 
the P. sabiniana was the principal wood. 

Resume. These facts seem to justify that studies of this pine be taken 
up along definite lines, in several selected forests in both Sierra and Coast 
Range. Monterey, Shasta, and Sierra are three of the best points for 
this work. 

Seed should be collected and small plantations should be established 
on different soils. 

Selected timber should be tested for bridge construction. Exliaustive 
creosote and other treatment tests are advisable. 

Pines of similar drought endurance, principally from Western Mexico, 
ought to be experimented with. While there are no true pines in Chile, 
or any part of South America, some conifers of foot-hill values might be 
found by corresponding with botanical gardens. 

Work with the oleoresin and other products of P. sabiniana should be 
continued; 



♦"Garden and Forest." Vol. X, page 202. 
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Lastly, other lines of investigation will develop if these are begun. 
The larger hope — that steps may be taken toward hybridization of pines — 
must depend entirely on finding a capable investigator aad continuing 
his work long enough to get results. No one knows what the chances of 
success are, and many botaaists would say that it can not be done. Hy- 
brid firs (Abies) have been observed and described in Europe. Hybrids 
of Pinus Silvestris and P. insularis have been found in the Swiss Enga- 
dine. Hybrids of Pinus thunbergii and P. densiflora have been reported 
from Japan. But in this case what forestry needs is a commercially 
satisfactory hybrid between Pinus sabiniana and Pinus ponderosa, which 
shall practically extend the profitable area of the latter. In order to ob- 
tain this result the right person must try to produce crosses both ways 
and bring the seedlings to bearing age, test the wood without destroying 
the trees, and propagate every valuable hybrid. 

Since this is a matter of fifty years or more, this work should be taken 
up by a Forest Experiment Station, which should secure all possible ob- 
servations beariQg upon hybridization of pines, and should study the 
characteristics of seedlings wherever different species are found in juxta- 
position. 

We cannot go further now, but this much, at least, we should not fail 
to do. 
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HISTOEY OF THE INVESTIGATIONS OF VESSELS IN WOOD 

C. D. MELL 
(Oaniributed) 

Introduction 

The vessels of secondary wood are elements that are almost never al)- 
sent in woody Dicotyledons. They have only been recorded as wanting 
in the genera Drimys and Zygogynum (Magnoliacece) , and in Tetra- 
centron and Trochodendron (Trochodendracece) . They are elongated 
tubes variously termed by older plant anatomists as tracheae, vasa, fis- 
tulae, tubes, ducts, and vessels. The term tracheae includes, according 
to Sanio* and his followers, another class of elements known as tracheids, 
which can only be distinguished with difficulty from some wood-fibers 
having bordered pits. It has been retained and employed by some recent 
authors as a collective term applied to elements having completely closed 
membranes styled tracheids, as well as to a series of segments having 
connected cell lumina called vessels. The term "vessels,^^ acording to 
Kothert,t is used to include both tracheae and tracheids, but it is thought 
best to make a clear distinction between vessels and tracheids and con- 
sider the term vessels as the equivalent of tracheae in a work in which 
the consideration of physiological processes are entirely neglected. 
De BaryJ uses tracheae to designate vessels, tracheids and their inter- 
mediate forms. The basis of this classification is purely physiological 
rather than structural or morphological. Eecent investigators such as 
Badlkofer and Solereder, guided by more practical considerations, based 
their distinctions on purely morphological characters, and there is now 
a, manifest tendency on the part of many authors to classify these ele- 
ments according to the characters of their matured framework. The 
tracheids, which were formerly included in Sanio^s tracheal system, 
have, therefore, been segregated from compound elements composed of 
a fusion of cells placed end to end, with their partition walls wholly or 
partially absorbed. It is with this latter group of elements, the history 



*Sanio, Bot. Zeitg. 1863, p. 113. 
t Rothert. Bullet, de I'Acad. de Cracovie, 34, 1899. 
t De Bary. Comparative Anatomy of Phanerogams and Ferns, 1884. 
(78) 
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of investigations of their development, structure, peculiar modes of 
sculpture and their classification, that this discussion has to do. 

Early Investigations 

Numerous treatises dealing with the development, structure, and 
classification of vessels have been published since the earliest introduc- 
tion of the microscope into botanical investigations, and yet some com- 
paratively recent discussions on plant anatomy show that there is a con- 
fusion in the terminology and classification of these elements. x\lthough 
von Mohl* and Schachtf have brought out the distinctive characters of 
vessels and have described in detail the structure and development of 
their peculiar markings, it was not until the last quarter of the 19th 
century that the majority of investigators have succeeded in framing a 
true conception of them, and have been able to name and classify the 
different forms of vessels found in secondary wood. 

It may not be superfluous to dwell briefly upon the history of the 
early investigations of vessels which have later been so carefully studied 
by von Mohl, Schacht, Hartig, Strasburger, and others. In order to 
show the present conception of the structure and classification of vessels, 
it is thought best to compare briefly those of the earlier plant anato- 
mists. 

Malpighi (1628-1694) and Grew (1628-1711) discovered the vessels 
in wood about the same time (1675). Grew, in his "Anatomie of 
Plantes" (1682), regarded them as air passages, and from his writings 
it is clear that there are, as might be expected, many errors in his de- 
scriptions of details. Malpighi, in 1674, was the first to observe the 
vessel segments. Other early observers, especialy Leeuwenhoek (1632- 
1722), Hedwig (1730-1799), and Hill, a contemporar}'^ and countryman 
of Grew, were familiar with the pitted vesselsj in plants, but not until 
the time of Mirbel§ (1776-1854) were they first distinguished from the 
spiral, annular, and reticulated vessels. IMirbel did not know that ves- 
sels are composed of segments, and a discussion of the relationship of 
vessels with other elements was entirely omitted in his writings. The 
pits were regarded by Mirbel as swellings projecting from the outside 
of the vessel walls and which he thought would rupture and form' true 



»Von Mohl, Linnsea, 1831. 

t Scbacbt's Lelirbiicli der anatomy uiid I*h.vsiologie der (iewaclise. ISriO. 
i'Tbe term pitted is applied to vessels liaviug a structure called f/rtiirpfcit 
by the German anatomists. 
§ Mirbel, Exposition de ma theorie, ets., Paris, 1809, p. 247. 
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openings. He not only distinguished the cavities in pits, but he also 
recognized the thin closing membranes. These facts should have been 
the foundation upon which to build a superstructure by a subsequent 
plant anatomist — a structure which would have required but little modi- 
fication in order to conform with the actual facts. This did not happen, 
however; on the contrary, a number of later investigators gave views 
which were just so many steps backward in the knowledge of vessels. 

During the last decade of the 18th century Sprengel laid the founda- 
tion of a great many erroneous opinions. He regarded the pitted ves- 
sels, which in other respects he confounded with scalariform vessels, as 
elements developed from spiral vessels through a peculiar growth of 
spiral thickenings. He was familiar with the vessel segments, which he 
determined from a rather decided contraction of vessel walls where they 
join. 

Bernhardi (1774-1850) has the credit of discovering the outer mem- 
brane of spiral vessels, but he incorrectly maintains that the scalariform 
and pitted vessels are developed out of spiral vessels. His views in other 
respects are those of Sprengel, and he therefore accepted the theory that 
pits are fragments of collapsed or broken down spiral thickenings. On 
the whole, Bernhardi contributed materially to the clearing up of the siil)- 
ject by his endeavor to distinguish the different forms of vessels. In 
1805 he prepared a short treatise* in which he gives observations that 
are by far the best since the writings of Malpighi and Grew. 

Considerable credit is due to Treviranus (1779-1864) for at least ap- 
proaching more nearly than any of his predecessors the true solution of 
the development of vessels. He was the tirst one to recognize that true 
vessels consist of a fusion of cells forming a continuous series of seg- 
ments which he regarded as modified wood fibers. He also suspected 
that the partition walls between the vessel segments were wholly or par- 
tially absorbed, and he classified the vessels according to the following 
designations: Spiral, striate (gestreifte), scalariform, and pitted. These 
pitted vessels were formerly known -in English terminology as dotted 
vessels. 

In an essay, entitled "Beobaclitungon in Betreff einiger streitigen 
Puncte der Pflanzenphysiologie,^^ Treviranus brought out some very im- 
portant facts concerning the formation of bordered pits, and he was the 
first plant anatomist to observe in the wood of sassafras that the parts of 
vessels bordering pith ray c^lls possess pits of quite a different character 
from those on parts of vessels adjacent to other vessels. He considered 



♦Bernhardi, Beobaohtungen ueber Pflauzengefsesse, Erfurt, 1805. 
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bordered pits as slight perforated elevations with a cavity beneath, but 
those pits oeenrring on parts of vessel walls bordering pith ray cells 
merely as true openings. 

Moldenhawer (1766-1827) regarded the vessels as small communicat- 
ing sacs and, as did Sprengel, Bemhardi and others, maintained that pits 
originated from broken down spiral and annual thickenings. He demon- 
strated at some length the existence of thin-closed membranes form- 
ing vessels, but like Hedwig, regarded the thickenings as being on the 
outside of the primary walls. He further determined that, in the wood 
of linden, the parts of vessel walls bordering upon other vessels have pits, 
and where they touch wood fibers or pith ray cells that they have spiral 
markings. Moldenhawer was the first to mention intermediate forms of 
vessels, and he also maintained that all vessels contain air except in a few 
instances where they contain sap. Unfortunately in all his investigations 
he failed to overcome the difficulties of the structure of the bordered pits, 
notwithstanding the advance he made in isolating cells and vessels for 
study ; this was a decided advantage. He allowed the parts of the plant 
to decay in water and afterwards crushed them, which is a method much 
used in modern times. 

Hedwig (1730-1799) contended that the spiral thickenings on the 
inner walls of vessels are hollow because they are colored by absorption, 
but Bernhardi, Rudolphi and Treviranus maintained that they are solid. 
Hedwig* and Treviranus in 1789 were the first ones to discover that the 
spiral bands are attached to the vessel walls, and Moldenhawer, some time 
later, proved for all time that the cell membranes exist prior to the 
thickenings. 

Meyen (1804-1840) followed Bernhardi in accepting the view that pits 
are broken down parts of spiral thickenings, and in 1830 gave out a workf 
in which he considered the annular and reticulated vessels as metamor- 
phosed spiral tubes. He also claimed that these spiral thickenings are 
the first to be formed and that later they break down into cylindrical or 
conical bodies, and are afterwards surrounded by a delicate membraneous 
cell wall. 

Link (1767-1851) thought, as did a number of other plant anatomists, 
that the pits of vessels are the result of broken-down spiral thickenings 
which he regarded as hollow. He thought that pitted vessels are not 
present in woody tissue, but intimated that pits are fragments of spiral 
thickenings that are shorter than scalariform markings. In general, 



♦Hedwig, De fibrse vegetabilis et animalis ortu, 1789. 
t Meyen, Lehrbuch der Pbytomie. 
G— F 
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Link's account of the sculpture of vessel walls is similar to that of 
Sprengel and, therefore, an unfortunate one. He distinguished two 
forms of vessels: namely, porous and pitted vessels, but fails to give a 
clear distinction between them. 

Unger (1800-1870) gave a history* of the development of spiral ves- 
sels in which he described them as being formed from a series of cells 
placed end to end with their partition walls wholly or partly absorbed. 
He also believed that the reticulated vessels develop from spiral vessels 
through partial filling in of open places between the spiral bands. Unger, 
Schleiden, and a number of other investigators maintained that vessels 
serve only a short time for transporting sap and thereafter contain air. 

Schleiden in a workf published in 1846 declared that pit cavities arise 
from the secretion of air bubbles between the previously blended vessel 
walls. In this same work he endeavored to explain the origin of annular 
thickenings in vessels by assuming that in each case two turns of these 
bands grow together into a ring, while the bands between them are sub- 
sequently dissolved. A^on ^lohl demonstrates, however, that these views 
are incorrect. 

Bemhardi, Moldenhawer, Treviranus, and Meyen gave various opinions, 
regarding the structure of pits until von Mohl (1805-1872) succeeded in 
solving the problem. He demonstrated for all time that vessels are 
formed from a continuous row of thin-walled cells that coalesce, but 
whose cross, w^alls are either perforated by larger or smaller openings or 
entirely absorbed. The pits, according to his earlier writings, are very 
thin areas on the vessel walls, and pit cavities consist of hollow spaces 
between the adjacent vessel walls. Meyen and Schleiden corroborated 
von MohFs view regarding the structure of bordered pits. In 1831 von 
AEohl endeavored to show that the structure of the scalariform and pitted 
vessels is analogous to that of pitted cells, but in his later writings he 
agreed with Treviranus that vessels are developed from thin-walled closed 
cells, that thickening layers are deposited on the inner walls, and that the 
partition walls are either partly or wholly absorbed. With reference to 
pitted vessels lie clearly demonstrated that their development and struc- 
ture largely depend upon the nature of the contiguous elements, that the 
])its are unthickened portions in the vessel walls, and that the pit cavities 
in vessel walls communicate directly with those in neighboring elements. 



♦Unger, Anatomie und Physiologie der Pflanzen, 1855. 
Y Die Botaiiik als inductive Wissensohaft. 
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Von MohVs Later Investigations 

After considering the most weighty conclusions of tlie earlier investi- 
:gators, von Mohl in 1842* gave his views regarding the structure of 
pitted vessels. He first pointed out that vessels in most plants do not 
possess a uniform structure in all their parts, which he claimed is due to 
the influence of neighboring elements of another kind. That such a rela- 
tion exists between pitted vessels and adjacent elements of unlike tissue 
is shown by the two facts observed by Treviranus and Moldenhawer. Von 
Mohl pointed out that the conclusion drawn by Moldenhawer in regard 
to the wood of linden is true in respect to a number of other plants, and 
that the pith rays have a similar influence upon the structure of vessels 
in all woody plants that have vessels, in so far as the part of a veessel 
adjacent to a pith ray has irregular simple pits. Yon Mohl demonstrated 
that simple pits are found on parts of vessel walls where the neighboring 
elements are horizontal, but where they are parallel the pits are bordered. 
He further stated that pits on walls common to two unlike elements 
always coincide with one another, and he derived from these and similar 
facts that the organization of the secondary thickening layers in one kind 
of elements stands in intimate relation with that of similar layers in, 
adjacent elements of another order. 

That such an inference could be drawn from tlie structure of pitted 
vessels was questioned by Meyen, who thought that the facts upon which 
von Mohl based his conclusions are analogous to characters present in 
the wood of conifers that have tracheids provided with pits only on the 
radial and not on the tangential walls. It was this objection, however,, 
that von Mohl considered as the best proof of his theory, because in coni- 
fers only that portion of a tracheid adjacent to a similar element pos- 
sesses bordered pits. In junipers and in most pines the parts of walls of 
tracheids touching pith rays possess simple pits, which coincide exactly 
with those in the pith ray cells. An objection was raised to this theory by 
some of von MohFs contemporaries on the ground that vessels in some 
plants show uniform pits, both with respect to size and form, whether 
the vessels are adjacent to similar or dissimilar elements. Yon Mohl 
made the fact clear, however, that the influence which elements sometimes 
exert upon the structure of adjacent elements is not in all cases so 
strongly marked as to interfere with the development of characteristic 
pits. In some plants or parts of plants the power within the elements 
themselves to develop uniform pits is stronger than the influence of 



* Von Mohl, Ueber den Bau der j^etuepfelten Oefjpsso. Limupa. 1S42. 
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neighboring elements, and for this reason the characteristic structure of 
pitted vessels attains more or less perfect development in all its parts. 
The few exceptions which may be noted do not prove that no such influ- 
ences are at work. 

Von Mohl gave further evidence of this influence by investigating the 
elements surrounding the \essels. He first pointed out that there are 
only relatively few dicotyledonous plants having vessels of uniform struc- 
ture. Only such vessels can come into consideration as are surrounded by 
dissimilar elements, and those that are contiguous only with wood fibers 
or only with pith ray cells must be excluded, since such vessels always 
have walls of uniform structure. Apart from such individual vessels he 
foimd in Eloeodendron croceum DC. and Viburnum opulus L. groups of 
modified vessels showing this influence expressed very clearly. 

Von MohVs Conclusions 

After a number of years of uninterrupted application to plant anatomy 
von Mohl collated his principal observations in connection with pitted 
vessels as follows : 

1. The characteristic structure of vessels is most highly developed in 
those plants vessel walls of which have uniform markings whether they 
are adjacent to other vessels or to elements of another order. All the 
vessels of Elceagnus latifolia L., Clematis vitalba L. and Broussonetia 
papyrifera Vent, have bordered pits irrespective of the kind of neighboring 
elements. 

2. There is a second type of vessels having some parts of their walls 
adjacent to wood fibers with bordered pits. The influence, however, 
which the nonequivalent neighboring elements have on the vessels is 
clearly expressed by the fact that the pits on the adjacent vessel walls are 
less numerous. Such structures are found in Bixa oreUana L., Alhizzia 
lophaniha Benth. and Sophora japonica L. 

3. The most marked dependency of structure in vessel walls having 
numerous bordered pits is shown in places where vessels are adjacent to 
wood fibers. In such parts of vessel walls the pits are small, few, or 
sometimes wanting. Vessels that border pith rays have simple pits in 
Sambucus alba Eafin., Aralia spinosa L., Coiylus avellana L., Populus 
alba L., Alnus incana Medic, Platanus occidentalis L., Pyrus mains L.;, 
and Gymnocladus dioicus (Linn.) .Koch. 

4. Parenchyma cells influence the structure of contiguous vessel walls 
more strikingly than wood fibers. The pits on vessel walls that touch 
pith ray cells are usually simple, as can be observed in Cassytlia glabella 
E. Br., Eriodendron anfractuosum DC, and Hernandis ovigera L. 
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5. Another modification of structure having a very characteristic ap- 
pearance is that type known as scalariform. The pits are slit-like, and 
extend across the entire width of the vessel, while those in adjacent cells 
of another order have round, simple pits. This form is beautifully devel- 
oped in Cliilianihus oleaceus Burch. and Gonolohus obtusifoUus Schult. 

Von Mohl states that the majority of pitted vessels can be classified 
under the above forms, but that there is another kind showing spiral 
thickenings between the rows of pits. These are to pitted vessels what the 
spiral tracheids of Taxus are to the tracheids in the rest of the ConifersB. 
He observed, however, that vessels can not be classified on the basis of 
resemblances and differences of their pits, but he found more reliable 
characters for grouping them. In many woods both large and small 
vessels are present, especially in the inner part of concentric zones where 
they usually occur in groups. The small vessels in transverse section 
approach wood fibers in size and may be termed small vessels. 

Classification of Vessels 

Yon Mohl attempted to classify vessels acording to the number and 
character of pits. This scheme of classifying vessels was unsatisfactory, 
however, and could not be employed because the characters upon which 
the scheme was based were not sufficiently constant. The classification 
is as follows: 

1. All vessels having bordered pits; the large vessels with smooth walls 
and the small ones with spiral thickenings running between horizontal 
rows of pits, as shown in Motos alba L., Ulmus vampestris L., and 
Clematis vitalba L. 

2. All vessels having their pits close together and between the rows of 
such pits very narrow fibrous thickenings. This is shown in Ilakea 
oleifolia E. Br. 

3. Large vessels having pits ; small vessels having the pits wanting, as 
in Daphne mezereum L., Passerina filiformis L., Bupleiirum gibraltari- 
cum Lam., and Cytisus candicans Lam. 

4. A^essels adjacent to other vessels having numerous pits, and vessels 
contiguous with wood fibers having very few pits, or entirely wanting. 
All vessel walls are marked by fibrous thickenings in Myrsine pentandra 
K. Br., Tilia cordata Mill., ^^ulus MppocoHtanium L., Acer pseudo- 
platanus L., Cornus alba L., Ilex aquifolium L., Cratoegiis oxyacantha 
L., Prunus padus L., and Virginiana L. 

From all these observations von Mohl finally concluded that uniform- 
ity in the structure of vessel walls relatively seldom exists. He also 
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stated that the only constant character possessed by certain pitted vessels- 
(small vessels excepted) which enable their differentiation from other 
vessels is the presence of bordered pits, at least on walls adjacent to other 
vessels. The question arose as to whether all the different forms of 
vessels above referred to should be classed among pitted vessels, or 
whether only those vessels having bordered pits on all sides should be 
called pitted vessels. This would relegate all others among the mixed 
vessels. Von Mohl endeavored to answer this question from his own 
observations, and he succeeded after a number of years of most pains-^ 
taking examinations of the most suitable objects. 

According to von Mohl, all vessels with only bordered pits show in 
their structure a common character which definitely distinguishes them 
from those having additional characters. Had he classified among mixed 
vessels all those vessels showing minor differences he would have been 
less likely to give a definite idea regarding the different groups. The 
term mixed vessels is commonly considered to include those in which dif- 
ferent segments strongly overlap and show widely different structures, 
or such as have markings which differ somewhat from the reticulated, 
annular or spiral type which he distinguished. If all vessels showing^ 
different structures on opposite walls are considered as belonging to 
mixed vessels, two different conditions are compared which are not pos- 
sessed in common, in so far that one form of marking is arranged and 
modified according to neighboring vascular tissue, while the other is 
determined by horizontal elements bordering it. The desirability of 
adopting a name for all those slight modifications of vessels seemed en- 
tirely superfluous to von Mohl, and on this point he was ably supported 
by the best plant anatomists of his time. Unfortunately several more- 
recent investigators gave a terminology which, if ^adopted, would lead 
into a labyrinth of confusion. The presence of few or many small pits 
on vessel walls could not be accepted as distinguishing characters, since 
size and number are relative terms and do not form a reliable basis for 
classification, and therefore von Mohl sought more constant features. 
Keiser* believed that aside from the pits the partition wall between the 
vessel segments would furnish trustworthy characters, but this was found 
entirely unreliable by von Mohl when he tried to base his classification 
of vessels on the structure of pits and other markings. 

Von Mohl investigated the structure of the pits in Cassytha glabella 
R. Br., since the large size of the pits rendered their study comparatively 
easv. It would have been more difficult to learn this structure from tlie 



*Grundzuege de Auatomis der Pflanzen, 1815. 
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vessels of certain other plants, and yet in such plants as Laurus nobilis 
L., Sassafras sassafras Karst., Aleurites triloba Forst. Car. Gen. 112, 
Albizzia lophantha Benth., it would have been possible to observe these 
characters equally as well. Yon Mohl thus determined that the borders 
of pits are mere cavities lying between the two contiguous vessel walls, 
and that an individual pit consists of two converging canals that lead 
from the vessel lumina to the pit cavity. He observed the structure of 
pits more carefully than any other investigator, but his reference to the 
closing membrane shows that as early as 1842 he was not entirely clear 
as to its real character and functions. He also discovered that in many 
plants the canals as well as the borders are somewhat elongated in a direc- 
tion perpendicular to the axis of the vessel. The pit canal is not an 
elliptical tube of uniform width, but has a rather complicated form. The 
outer end of the canal is pressed together in the direction of the long 
axis of the vessel, but the inner end is compressed in the direction of the 
diameter of the vessel. The inner opening of the pit canal is often slit^ 
like, while the outer opening of the cavity which is separated from the- 
one in the adjoining vessels by the primary cell membrane presents a 
circular appearance which sometimes approaches an ellipse. By looking 
perpendicularly through the inner opening of the pit canal when the 
walls of the canals gradually widen toward the outer edge of the vessel, 
two concentric rings are observed. The form of the pit depends upon 
whether the view is taken from a cross or long section of the vessel wall : 
in the former the pit canal is regular or conic, while in the latter it may 
be circular or elliptical. 

The enlargement toward the inner end of the canal is not clearly 
shown in vessels of some dicotyledons so that the inner opening is con- 
siderably shorter than the border of the pit, as, for instance, in Cassytha 
glabella E. Br., Eloeodendron croceum DC, Bixa orellana L., Albizzia 
lophantha Benth., Sophora japonica L., Salix alba L., and Aralia spinosa 
L. In other plants the inner openings of pits are slit-like, and are longer 
than thei)orders. This can be seen in Sassafras sassafras Karst., Aleu- 
rites triloba Forst. Char. Gen. 112, Clematis vitalba L., Cornus alba L., 
Morus alba L., Gymnocladus dioicus (Linn.) Koch., and Elceagnus lafi- 
folia L. In many cases the slit-like openings are arranged in rows form- 
ing long continuous grooves on the inner walls into which lead from two 
to six more pit canals, often giving the appearance of scalariform mark- 
ings as in Chilanthus oleaceus Burch. Each slit is surrounded by a ])or- 
der which is wider than the slit itself, and which can be easily seen in 
longitudinal section. Von Mohl stated that it is possible to separate, 
upon the first glance, the ordinary scalariform markings from this forma- 



Digitized by VjOOQIC 



88 PROCEEDINGS OF THE SOCIETY OF AMERICAN FORESTERS 

tion by the presence of these longitudinal cavities, since the former have 
no borders. 

Aside from pits having a border, another modification is found that 
has the border wanting. Such pits occur in parts of vessels adjacent to 
pith ray cells. They may occur, however, as von Mohl states, on vessel 
walls not contiguous to pith ray cells, as in Cassytha glabella B. Br., 
Elceodendron croceum DC, Hernandia ovigera L., and Chilianthus olea- 
ceus Burch. Pits of this character usually have wider openings than the 
pit cavities and are for the most part oval. By close observation it is 
possible to see that they are bounded by two concentric lines so that in 
many cases, especially in Aleurites triloba Forst. Char. Gen. 112, they 
appear to have a very narrow border. The double boundary lines of pits 
result from a widening of tlie inner or outer portion of the canals. By 
viewing a bordered pit on the flat surface it is possible to see the inner 
mouth of the canal as a small opening. The pit canals in the vessel walls 
occasionally pass through in an oblique direction and the boundary lines 
of the inner and outer end of the canal cross into each other, as is fre- 
quently seen in Opuntia hrasiliensis Haw. 

Von Mohl confined himself to a few remarks regarding the cross walls 
between vessel segments. In his earlier writings he shows that they are 
not always absorbed until after advanced development, when they are 
always perforated by true openings. The perforations are of two kinds. 
Either a great portion of the original cross wall remains, or there is 
developed in the middle of it a round opening the diameter of which is 
one-half or one-third the diameter of the vessel. The cross walls are 
most generally broken through by a number of horizontal slits one over 
another and are known as scalariform perforations. Von Mohl has ob- 
served scalariform perforations only in strongly oblique cross walls, as 
they are found in B etui a alba L., Fag us sylvatica L., CoryJus avellana L., 
AlriMS incana Medic, Platanus occidentalis L., Viburnnm opnlus L., Ilex 
aquifolium L. The other form is present only in horizontal cross walls, 
but these do not always show the same structure even within the same 
plant. Some may have scalariform perforations, while others may be 
entirely absorbed. 

Von Mohl observed pitted vessels during their entire course of devel- 
opment, and saw that they appeared at first like long rows of uniform, 
thin-walled and perfectly closed nucleated cells. A little later he saw 
them develop slight fibrous thickenings on the side walls bordering other 
vessels. Following the develo])ment still further, ho was able to see that 
the portions between the network of thickenings corresponded later to pits. 
He also observed that during the entire period of development the vessel 
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lumina are filled with sap and not with air, and that spaces between the 
vessels also contain sap. Immediately after the element has taken final 
shape the pits come into evidence in the form of faint light circles, and 
then develop very rapidly. 

That the secondary layers of individual vessels do not correspond ex- 
actly in their structure is clear from what has already been said concern- 
ing the form of pits. The depressions in these layers are sometimes 
larger and more elongated toward the inner opening of the pit canals. 
In Eloeodendron croceum DC, there is a widening of the pit canals 
toward the vessel lumen, which is also shown very clearly in Cassytha 
glabella E. Br., and Sassafras sassafras Krast. These inner openings are 
slit-like and are not only longer than the borders of the pits are wide, 
but the slits freely communicate with each other and connect from a few 
to many pits. These inner lining layers are thus divided in an incom- 
plete manner by the pit openings which do not always coincide with the 
long axes of the borders beneath or with the slits in adjacent vessels. 
The fibrous thickenings in the tracheids of Taxus forming a part of the 
innermost layers are often arranged at right angles to the long axis of 
the pits, but the most marked difference between the outer and inner 
lining layers are seen in the vessel walls of Tilia and Daphne. 

From 1830 to 1850 von Mohl gave numerous expositions on the ma- 
tured framework of cell membranes. All his researches are entirely free 
from fanciful theories and his conclusions are based on purely visible 
structures. He possessed a technical knowledge of the microscope and 
could polish and set lenses equal to the best of liis time. With this 
advantage at hand and his power of keen observation and knowledge of 
what others before him had accomplished in plant anatomy, he was able 
not only to refute a great many ill-considered theories regarding the 
structure of vessel walls, but to bring to light and establish a mass of 
facts. The numerous theories regarding the thickenings of cell walls 
which were advanced by his contemporaries and investigators before his 
time were not accepted by him at once, but he brought together a mass 
of facts which he used to prove or disprove beyond doubt such conclu- 
sions. The results of his scientific labors were published from time to 
time in the shape of monographs which were confined solely to important 
questions of the day. He invariably pointed out how others sought to 
explain the origin of certain structures in the framework of plants, and 
if their expositions were found wanting in scientific accuracy he refuted 
them by giving established facts which conclusively disproved their 
statements. His writings give the reader the impression of thorough- 
ness, and his observations on the structure of the secondary membranes 
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impress one with their convincing sense of correctness. His classifica- 
tion of structures, as given in his later writings, are still followed by the 
ablest plant anatomists. 

He classified the different vessels according to the modification of the 
structure of their secondary thickening layers into spiral, annular, reticu- 
lated and pitted or dotted vessels. Briefly, he considered them as fol- 
lows : 

Spiral vessels are most common in herbaceous plants, but they some- 
times occur in all plants possessing vessels. In woody plants they are 
generally found in the vascular bundles next to the pith. The secondary 
membranes of spiral vessels are divided into one or more parallel fibrous 
thickenings, which, as a rule, terminate in an annular arrangement at the 
upper and lower ends of the segments. If vessels are developed in tissue 
which has already completed its growth in length, the turns of the spiral 
thickening lie close together, but if they elongate after the thickening is 
completed, the turns are drawn farther apart by the stretching which the 
vessels undergo. Consequently, very loosely-wound spirals are found in 
the vessels of bundles next to the pith, while those lying near the bark 
have close turns. The direction of the spiral is generally to the right — 
that is, in a botanical sense, in the manner of a left-handed screw. The 
spirals of two contiguous vessels, therefore, cross upon the two coherent 
walls. 

Annular vessels were regarded by von Mohl as slight modifications of 
the spiral kind. These fibrous thickenings are arranged in a transverse 
direction on the vessel wall, crossing the longitudinal axis of the vessel 
at right angles. Occasionally this kind of structure alternatees with 
spiral bands in the same or adjacent vessels. This he regarded as an 
intermediate form between the right and left wound spiral markings. 
That the annular vessels form a slight modification of spiral vessels is 
shown, for example, in cases where a series of vessels with spiral thick- 
enings are followed by a series of vessels with annular thickenings, or 
where spiral and annular markings alternate without any definite rule. 
even within the same vessel. 

Eeticulated vessels occur in manifold modifications among vascular 
Cryptogams, and in outer parts of the vascular bundles of Monocotyle- 
dons. When two adjacent vessel walls are covered with pits, the much 
elongated pit cavities of which extend across the entire width of the side 
walls, but do not reach beyond the area adjacent to the neighboring ves- 
sel, the vessels are said to have scalariform markings. AVhen the walls 
of vessels are in contact with elements of another order and the pits ex- 
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hibit an elliptical or rounded form, and are distributed irregularly, or 
arranged spirally, the vessels are said to have reticulated markings. 
Frequently the same vessel exhibits both modifications of structure. 

Pitted vessels chiefly occur in secondary wood of Dicotyledons and 
exhibit numerous bordered pits on sides of walls adjacent to other ves- 
sels. Walls of vessels bordering on wood fibers or parenchyma cells have 
simple pits, or have them entirely wanting. 
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EXPERIMENTS IX THE PRESERVATION OF FOREST SEEDS 

DR. E. ZEDERBAUER* 
[translated from the GERMAN BY MAX II. FOERSTER] 

The method of preserving acorns and beech-nuts through the winter 
by stratification in* sand was already known in the 16th century. Arti- 
ficial reforestation, which began in Germany in the 14th century, resulted 
in a demand for methods of preserving seeds. Most of these have been 
forgotten, like many other experiences of practical men; on the other 
hand many of them have been handed down by tradition. In "Grund- 
satze der Forstokonomie," 1757, p. 486, W. G. Moser gives a detailed 
account of the preservation of coniferous and non-coniferous seed in mix- 
ture with sand and sawdust to prevent desiccation. He mentions pits as a 
good method for preserving acorns. These and other methods are fre- 
quently described in forest literature. I should like to call attention to 
the "Experiments on the Preservation of Acorns" by A. Cieslar (Central- 
blatt fiir das gesamte Forstwesen, 1896) and to the discussion just pub- 
lished by Haack: "Pine-seed Preservation for Several Years Without De- 
crease in Germination" (Zeitschrift fiir Forst- und Jagdwesen, July, 
1909), without however, disregarding other papers treating on this same 
subject. 

;N"early all experiments agree in the selection of certain localities, cel- 
lars, garrets, etc., for storage rooms. The difference between the rooms 
designated above shows different results in different localities and in one 
and the same house and under apparently the same conditions. 

The question which leads to the experiments discussed here and those 
io be published later on was as follows : What are the factors governing 
the natural preservation of seed up to the time of germination and what 
life processes are carried on in the seed during its dormant stage ? The 
answer mainly to the second part of the question and its practical appli- 
cation is fundamental and decisive for rational preservation. 

The seeds and fruits of our forest trees mature in summer and fall, 
those of a small number of species, such as willows, elms, birch and poplar 
maturing in May and June. The falling of seed and fruit continues 
throughout the year. By March and April the larch and fir have dis- 
tributed the last of their seed of the preceding year and in May willow 
and poplar begin to disseminate their just matured seed. 



♦Versuche tlber Aufbewahrung von Waldsilmereien. (In Centralblatt fOr 
4as gesamte Forstwesen, March, 1910, v. 36; 116-21.) 
(92) 
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The seed of most of our forest trees falls in autumn after the seeds 
mature, from September to December; only a few species as ash, spruce, 
larch, white and black fir and in most cases the moutain pine (Pinus 
montana) and the locusts retain fruit and seed on the tree till spring. 

The seed and fruit of oak, chestnut, beech, hornbeam, maple, bass- 
wood, cherry, juglans, alder, fir, cembra pine, and juniper fall at ma- 
turity and lie on the ground over winter exposed to moisture and low 
temperatures ; the seed of spruce, larch, black and white fir and moimtain 
fir remain in the cones over winter protected from too much moisture but 
also exposed to low temperatures. The same is more or less true of the 
fruits of ash and locust. 

"Which life processes are active in the dormant seed V^ 

Seeds and fruits must be regarded as living organisms which breathe 
and transpire. The process of breathing is a destructive assimilation. 
From the organic material destroyed by it, c^irbon dioxide and water 
result. 

Bespiration is influenced chiefly by temperature. It increases with the 
temperature up to a certain optimum and then decreases again. 

Transpiration is also under the influence of temperature and not in- 
considerably, as can be readily seen, of the moisture content of the atnios- 
phere. It is known for a fact that a low temperature lowers respiration 
and transpiration, causing a decrease in destructive assimilation. This 
fact is of the utmost importance for the practical storage of seed. 

In the natural form of storage low temperatures, although not con- 
stant, but varying around 0°C., as well as a high degree of soil and atmos- 
pheric moisture are dominant. Nature, however, provides abundantly, so 
that in spite of an enormous loss through rodents and unfavorable germi- 
nating bed there is always enough seed left for regeneration. The ex- 
travagance of nature is, however, prohibitive in artificial seeding. If the 
seed are to be stored over winter till the appearance of conditions favor- 
able to germination, the first consideration must be an advantageous 
method of storage which conforms in its chief features to the method 
pursued by nature. These circumstances alone, together with a knowledge 
of the life activity of the seed, can guide us towards the most favorable 
method of storage on a small as well as a large scale. It was thus of 
prime importance to examine the two factors, temperature 'and moisture, 
as to their effect on seeds. In doing this the first series of experiments 
was conducted so as to conform as closely as possible to the natural con- 
ditions; of course a series of experiments under exactly the opposite 
conditions was not omitted. Eefrigerators or ice-cellars, which Haack 
also mentions in his recently published article, seem to be the most effi- 
cient and favorable storage place for forest seeds on a large scale. 
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Experiments 

Table I shows the plape of storage and the most important external, 
factors of influence during the time of storage. 

Table I. 



No. of 

Series. 


Influencing Factors during Period 
of Storage. 


Description of Storage Room. 


la. 


Temperatures above and below Zero 
(about +10° to —10°). Atmos- 
pheric Moisture quite high. 


Wooden shack, open on one side 
only. Seeds were suspended in 
a cloth sack. 


16. 


Temperatures above and below Zero 
(about +10° to -10°). Atmos- 
pheric Moisture quite high. 


Very airy loft. Seeds suspended in 
small cloth sacks. 


2a. 


Temperatures above Zero only 
(about +4° to 10°). Low atmos- 
pheric Moisture. 


Cellar. Seeds suspended in small 
cloth sacks. 


26. 


Temperatures above Zero (about 8° 
to 12°). Low atmospheric Moist- 
ure. 


Unheated room. 


2c. 


Temperatures above Zero (10° to 
20°). Very low atmospheric 
Moisture (dry). 


Heated room. 


3a. 


Temperatures above and below Zero 
(about - 10° to +10° ). Soil Moist- 
ure. 


Sowed in open seed bed. 


36. 


Temperatures above and below Zero 
(about -10° to +10°). Soil Moist- 
ure. 


In a clay pot mixed with sand sunk 
in the ground and covered with 
moss. 


3c. 


Temperatures above Zero (about 
-5° to +10°). Soil Moisture 
(slight). 


Loft ; mixed in a pot with continu- 
ally moist sand. 


4rt. 


Temperatures above Zero (about 4° 
to 10°). Soil Moisture (slight). 


Cellar ; mixed in a pot with contin- 
ually moist sand. 


46. 


Temperatures above Zero (about 8° 
to 12°). Soil Moisture (slight). 


Unheated room ; mixed in a pot 
with continually moist sand. 



Digitized by VjOOQIC 



PRESERVATION OF FOREST SEEDS 



95 



All seeds and fruits which had not been sown in the fall were sown in 
seed beds in drills in the spring to test their per cent of germination. To 
obtain comparative results seeds of the same origin were used for the 
different species and equal amounts for each series of experiments. 

Table II gives a clear conspectus of the results secured by sowing the 
different samples. 

Tahle II. 



Species. 



Abies alba. 



Picea 


excelsa 


Larix 


europea 


Pinus 


.sylvestris . 


Pinus 


peuke 


Fagus 


sylvatica. . 



MethoU 




of 


Amount 


Storage. 


of Seed 


No. of 


vSown. 


Seed. 






Gravis. 


1// 


100 


2b 


100 


3a 


100 


2h 


75 


3o 


75 


16 


75 


26 


75 


3a 


75 


la 


40 


26 


40 


2c 


40 


3a 


40 


la 


10 


16 


10 


26 


10 


2r 


10 


3a 


10 


la 


30 


16 


30 


2a 


30 


2c 


30 


3a 


30 


la 


400 


26 


400 


36 


400 


46 


400 



la 
16 
2a 
26 
2c 
3a 

36 
3c 
4a 

46 



150 
150 
150 
150 
150 
150 

150 
150 
150 
150 



Experiment 
begun. 



7. XII. 1905 

7. XII. 1905 

7. XII. 19a5 

11. XII. 1906 

11. XII. 190G 

7. XII. 1905 
7. XII. 1905 
7. XII. 1905 
14. XII. 1906 
7. XI. 1906 
7. XI. 1906 
7. XI. 1906 



Date of Sowing. 


No. of Seeds 
Germinated. 


2. V. 1906 


104 


; 2. Y. 1906 


67 


7. XII. 1905 


128 


22. IV. 1907 


10 


11. XII. 1906 


86 


2. V. 1906 


615 


2. V. 1906 


450 


7. XII. 1905 


105 


2. V. 1907 


180 


2. V. 1907 


70 


2. V. 1907 


100 


7. XI. 1906 


91 



11. XII. 


1906 


2. 


V 


1907 


63 


11. XII. 


1906 


2. 


\ 


1907 


95 


11. XII. 


1906 


2. 


V 


1907 


88 


11. XII. 


1906 


2. 


V. 


1907 


75 


11. XII. 


1906 


11. 


XII. 


1906 


10 


11. XII. 


1906 


2. 


V. 


1907 


640 


11. XII. 


1906 


2. 


V. 


1907 


653 


11. XIT. 


1906 


2. 


V. 


1907 


960 


11. XII. 


1906 


2. 


V. 


1907 


950 


11. XII. 


1906 


11. 


XII 


1906 


21 


12. XII. 


1906 


23. 


IV. 


1907 


9 


12. XII. 


1906 


23. 


IV. 


1907 


6 


12. XII. 


1906 


23. 


IV. 


1907 


27 


12. XII. 


1906 


23. 


IV. 


1907 


2 



4. XII. 1906 
4. XII. 1906 
4. XII. 1900 
4. XIT. 1906 
4. XII. 1906 
4. XII. 1906 

4. XII. 1906 
4. XII. 1906 
4. XII. 1906 



20. IV. 1907 

20. IV. 1907 

20. IV. 1907 

20. IV. 1907 

20. IV. 1907 
4. XII. 1<)06 

20. IV. 1907 

20. IV. 1907 

20 IV. 1907 



4. XII. 1906 I 20. IV. 1<K)7 | 



28 

12 

24 

44 

45 

Destroyed 

bv mice. 



4(J 

36 

81 
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Tablk II — Continiu'd. 





Method 












Species. 


of 

Storage. 

No. of 


Amount 

of Seed 

Sown. 


Kxperiment 
Begun. 


Date of Sowing. 


No. of Seeds 
(Terminated. 




Seed. 






^ 




- 






Grama. 


<Juercus eerris. . . 


Irt 


100 


30. X. 1906 


4. 


IV. 1907 







2a 


100 


30. X. 1906 


4. 


IV. 1907 


3 




2h 


100 


30. X. 1906 


4. 


IV. 1907 







2c 


100 


30. X. 1906 


4. 


IV. 1907 







3a 


100 


30. X. 1906 


9. 


XI. 1906 


25 




3o 


100 


m. X. 1906 


4. 


IV. 1907 







4a 


100 


30. X. 1906 


4. 


IV. 1907 


87/ «emiiBate(» 
64 \ in the mL 




4b 


100 


30. X. 190() 


4. 


IV. 1907 


Juglans nigra 


\a 


100 


7. XI. 1906 


3. 


IV. 1907 


18 




lb 


100 


7. XI. 1906 


3. 


IV. 1907 


26 




2a 


100 


7. XI. 1906 


3. 


IV. 1907 


37 




2b 


100 


7. XI. 1906 


3. 


IV. 1907 


19 




2c 


100 


7. XI. 1906 


3. 


IV. 1907 


13 




3a 


100 


7. XI. 1906 


9. 


XI. 1906 


■^^ . 




36 


100 


7. XI. 1906 


3. 


IV. 1907 


70 




4a 


100 


7. XI. 1906 


3. 


IV. 1907 


• 60 ! 




46 


JOO 


7. XI. 1906 


3. 


IV. 1907 


14 


Aesculiis hippo- 


la 


100 


29. X. 1906 


3. 


IV. 1907 





castanum. 


16 


100 


29. X. 1906 


3. 


IV. 1907 







2a 


100 


29. X. 1906 


3. 


IV. 1907 


29 




26 


100 


29. X. 1906 


3. 


IV. 1707 







2c 


100 


29. X. 1906 


3. 


IV. 1907 







3a 


100 


29. X. 1906 


9. 


XI. 1906 


SK) 




36 


100 


29. X. 1906 


3. 


IV. 1907 


79 




3c 


100 


29. X. 1906 


3. 


IV. 1907 


10 




4a 


100 


29. X. 1906 


3. 


IV. 1907 


88 




46 


100 


29. X. 1906 
Conifers 


3. 


IV. 1907 


77 









Of the conifers Abies alba and Pinus peuke east their seed in the falL 
During the winter they remain on the ground partially covered with 
needles or leaves. They are exposed to low temperatures (frost) and soil 
moisture or else under a cover of snow. Breathing as well as transpira- 
tion are greatly reduced under these external factors. Storage methods 
which closely approach the manner in which the seeds naturally pass the 
winter and expose the seed to similar factors as those under X 3a and 3b 
attain the best results. A low atmospheric moisture content and tem- 
peratures of above zero only, show poor results. 

Picea excelsa, Pinus sylvestris and Larix europea do not cast their 
seeds till late winter or spring. Soil moisture, which achieved the best 
results with Abies alba and Pinus peuke, influences these species in the op- 
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posite direction (X 3a). Low temperatures have a favorable effect on the 
seeds of these three species, but not in combination with soil moisture. 
Atmospheric moisture, however, in higher or lower degrees, combined 
with low temperatures, favors preservation of the germinative power, 
although the average room temperature did not decrease the germinative 
power of Pinus sylvestris seed. 

Hardwoods 

Only hardwoods which cast their seeds or fruit in fall were considered. 
It must be observed, that seeds rich in endosperm and with thin seed- 
coats are very sensitive to a lack of moisture (Xr. 26, 2c, 3c), i. e., Quer- 
cus cerris, Aesculus hippocastanum. Thick-shelled seeds, like those of 
Juglans nigra, will keep even under such conditions, however, with a great 
loss of germinative power. Fagus silvatica showed inconceivable results, 
presumably due to some disturbance during the experiment. This experi- 
ment will be repeated. Referring to the results obtained by A. Cieslar in 
storing acorns, it is apparent that low temperatures and a high degree of 
moisture are the best preservers of germinative capacity, while the tem- 
peratures and moisture conditions in a dry cellar or a heated room are 
quite unfavorable to germination. 

Low temperatures and a high degree of moisture are secured if the 
acorns are — 

1. Laid on the ground and covered with moss. 

2. Mixed with and covered with sand on the ground. 

3. In earth pits, mixed with sand or soil. 

4. In well-water. 

5. On the ground covered with a dry litter of needles. 

Storage under exclusion of the air has a favorable effect on the vitality 
and germination of coniferous seed, such as black and white fir and 
spruce. 

In his article published in 1909, Haack has proven fully the favorable 
influence on white fir seed of low temperatures under exclusion of the 
air. The reaction corresponds to the fact that respiration and transpira- 
tion of seed are greatly decreased by low temperatures and prevention of 
an exchange of air, which favors desiccation. Storage in an air-tight 
cellar has achieved the best results, according to Haack. 

Low temperatures and a high degree of atmospheric moisture or soil 
moisture are favorable factors in natural and artificial seed preservation, 
and should be considered first on account of their retarding influence on 
respiration and transpiration. 
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EUCALYPTUS POSSIBILITIES ON THE CORONADO 
NATIONAL FOEEST 

R. L. ROGERS 
(Contrihuted) 

The success which has axjcompanied eucalyptus culture in certain parts 
of California has stimulated public interest to such an extent that at one 
time or another hopes have been expressed by the most optimistic that 
these trees could be successfully grown in many different parts of the 
United States. To those who have given the subject serious study it has 
been apparent the limits within which the large majority of the species 
may be propagated are pretty clearly marked by temperature lines. Yet 
among those who through individual study are best equipped to treat of 
eucalyptus culture in this country, there have been no definite opinions 
promulgated as to the limits of the extension of the genus. The late 
Prof. A. J. McClatchie (Bulletin No. 35, Forest Service, "Eucalyptus 
Cultivated in the United States,'^) has so far given the subject the most 
comprehensive treatment, and it is the aim of this discussion to give 
thorough consideration to those portions of his bulletin which have local 
application. 

The question of the possibility of utilizing eucalyptus as a forest cover 
on certain of the National Forests in Arizona has been repeatedly raised. 
While the data at present on hand are entirely inadequate to afford a 
comprehensive discussion of this subject, it is the aim of this paper to 
discuss the possibilities of eucalyptus culture on a specific typical tract, 
namely, the Santa Catalina Range of the Coronado National Forest. 
Pertinent questions of immediate importance are these : 

1. With our present knowledge of the subject, are the conditions 
adapted to the employment of eucalyptus for f orestation purposes ? 

2. To what extent is experimental planting warranted? 

3. What experiments should be inaugurated? 

The aim will be to answer these questions. Eucalyptus culture, and 
particularly the subject of site requirements, has been so generally treated 
tliat this discussion will be confined as closely as possible to the techni- 
calities of the region under consideration. 

The Santa Catalina IMountains, which here include the Rincon Moun- 
tains, consist largely of uplifted and folded granite and gneiss, forming 
(08) 
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a range approximately 35 miles long and 10 to 25 miles in width with 
a general X. W.-S. E. trend. Quartzite and limestone occur on the north 
and east slopes. Approximately two-thirds of the drainage goes to tht 
south and the remaining one-third to the north and east by way of nar- 
row bottomed, deep cut canyons with precipitous sides. Rough, irregu- 
lar side ridges are characteristic. The elevation along the exterior forest 
boundaries of the Santa Catalinas averages for the most part between 
:3500 and 4000 feet. In the vicinity of Sabino Canyon it falls to 3000 
feet. Mt. Lemon, the highest peak, reaches 9150 feet. 

Coniferous growth prevails above 6000 feet, while the forest growth 
below this elevation consists of a thin cover of growth characteristic of 
the lower mountain elevations, including oaks, cacti, palo verde and aca- 
lias. In this discussion we are not concerned with the tract above the 
oOOO-foot contour. The area thus involved includes a strip extending 
in from the exterior boundaries from one to three miles. This portion 
of the foothill type is for the most part made up of barren, gravelly 
slopes, and round-topped hills, comparatively gentle and regular in con- 
tour, and broken at intervals by canyon mouths. 

The soils have geen derived from the disintegration of granite rocks. 
Outcrops containing 50 per cent or more of volcanic rocks occur near 
the mountains. To the formation composing the foothills the term 
^^Catalina Wash^' has been applied. In the washes small patches ol 
broken and tilted deposits of soft sandstones, shales and conglomerates 
are found. With the exception of places here and there in the narrow 
•canyon bottoms, there are no indications of ground water supply capable 
of practicable development. The soils are deficient in humus and are 
probably lacking in organic matter and nitrogen. 

iSo attempt will be made to enter into a discussion of the temperature 
•conditions in detail in this paper, since, as will be evidenced later, the 
temperatures, although intimately related to the moisture conditions, 
are, so far as growth is concerned, of subordinate importance in this 
particular case. J. J. Thornber has concisely stated in Bulletin 68 of the 
l^niversity of Arizona Agricultural Experiment Station: "Eucalypts to 
grow in the warmer parts of Arizona must be able to endure maximum 
temperatures from 108° to 120° F. with low humidity and intense sun- 
light, and also survive 10 to 20 degrees of frost in winter/^ These con- 
ditions apply to the case at hand.* 



♦Dr. D. T. MacDougal has found that there is a total of about 12 hours in 
the year during which plants at the Desert Laboratory may be subject to 
freezing temperatures. 
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The average annual rainfall for the period 1868-1890 kept at Fort 
Lowell, six miles northeast of Tucson and five miles from the foothills, 
at an elevation of 2,435 feet, is 12.66 inches, while an average of 11.57 
inches was obtained at Tucson, elevation 2,400 feet, by the University 
of Arizona for the period 1876-1909. Combined records kept by the 
Forest Service, the Desert Botanical Laboratory and the University of 
Arizona indicate that the summer rainfall at the high elevations in the 
Catalinas is about 2.6 times the rainfall in the valley. The precipitation 
on the particular area under consideration varies between the rainfall 
in the valley and on the mountains, probably more nearly approximating 
the rainfall at Fort Lowell. However the character of the rains and 
the rainy seasons are of more concern here than the average annual 
rainfall. 

The rains occur in two distinct seasons of the year and are known as 
the winter rains and the summer rains. The former occur from Novem- 
ber to March, inclusive, the latter during July, August and September. 
In April, May, June and October, rains are unusual though not unknown. 
In general character the two rainy seasons are entirely dissimilar. 
Winter rains are exceedingly irregular in their monthly distribution. 
Most of the precipitation may occur in early winter or it may come in 
February and March, or it may be quite evenly distributed. A§ a rule 
the rainfall is slow and steady. Summer rains on the other hand vary 
less from year to year. Beginning about July 10, the summer showera 
are of frequent occurrence for a period of about eight weeks. They are 
not of wide extent, but are very local in character, the wetted area often 
not exceeding a half mile in width. The duration of the storms is short 
but the precipitation is very often torrential. 

Small as the annual totals are, yet their importance is likely to be 
overestimated by one not accustomed to arid conditions. High temper- 
ature and cloudless skies create an intensely rapid evaporation and after 
a rain of ordinary volume the ground dries out with incredible rapidity. 
The annual evaporation as measured by the Weather Bureau standards 
is eight times the rainfall, and it is to be noted that the excess of evapo- 
ration is greatest during the months when soil moisture is most eflEective 
in the growth of crops. Drought years are of frequent occurrence. In 
the rainfall record kept by the University of Arizona at Tucson for the 
period 1876-1909, one-sixth of the annual totals are less than eight 
inches. It is to be particularly noted that years of low rainfall often 
succeed one another. The following table shows the average distribution 
of rainfall by months for the periods previously mentioned. 
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Inches by Months.* 



Place. 


Period. 


J. 


F. 


M. 


A. 


M. 


Jn. 


JI. 


2.94 

2.46 


S. 

1.36 
1.00 


0. 


N. 


D. 


Ft. Lowell.. 
Tucson 


'«S-'90 
'76-'09 


l.U 

; 0.80 


1.15 
(I.9G 


0.83 
0.81 


0.28 
0.32 


0.05 
0.14 


0.30 
0.25 


2.68 
2.40 


0.46 
0.60 


0.52 
0.76 


95 
1.09 



Anmial. 

Port Lowell 12.66. 

Tucson 11.57. 

No record has been found of the planting of eucalyptus in this vicinity 
upon sites comparable to the tract under discussion. The following 
species have been noted by the writer planted for ornamental purposes 
in Tucson within the past few years: eucalyptus rostrata, tereticomis, 
crebra, polyanthema, and rudis. The largest trees are about 20 to 25 feet 
high and all were killed back more or less severely by frost last winter. 
The results obtained at the University of Arizona Experiment Station 
tend to show that rudis and rostrata withstand the conditions best, in the 
order named. All of the trees noted have received irrigation. It is 
interesting to note that the same conclusions have been obtained in the 
experimental plantations made on the Tonto National Forest near Eoose- 
velt, where the following species have been slightly tested: tereticornis, 
viminalis, rudis, and rostrata. At the Monthan Bros.^ ranch, 12 miles 
east of Tucson, the following species were planted four years ago along 
an irrigation ditch and cut last spring for fence posts: rostrata, tereti- 
comis, polyanthema, crebra, and rudis. The trees developed well but 
were somewhat killed back last winter by a temperature of 16° F. Mr. 
Monthan believes rudis and tereticornis best adapted to the conditions 
on his ranch. 

Since in all the examples just cited the trees received irrigation, the 
results obtained are applicable to forest planting on the sites above 
described only to a very limited degree. Irrigation on the forest tract 
is out of the question. The results do indicate, however, that in so far 
as temperatures are concerned, a few varieties such as rudis and rostrata 
may be grown with some degree of success subject of course always to a 
certain amount of frost injury. With trees well established it is reason- 
able to suppose that the summer rains will counteract somewhat the effect 
of high temperatures of July, August and September, f With the advent 



♦Data on rainfall from Bulletin 64, University of Arizona, Agricultural 
Experiment Station. 

t "The surface layers of the soil reach a temperature of over 100° F. during 
the summer months." The CJourse of the Vegetative Seasons in So.uthem 
Arizona.— D. T. MacDougal, The Plant World, Vol. II, No. 8, September, 1908. 
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of fall the temperature drops gradually and with the absence of rainfall^ 
growth is checked. During December and January, the secondary maxi- 
mum of precipitation occurs, usually amounting to from two to three 
inches. While a checking action is exerted during this season by the 
low night temperatures, which frequently drop to 20° and even lower, the 
combined effect of the moisture and dry temperatures is such as to place 
the tree in a condition susceptible to frost injury. The occurrence of this 
injury is principally dependent on the range of temperatures immediately 
preceding the drop. The gradually rising minimum temperatures of 
the early spring months remove danger from frost injury. Favorable 
temperature for rapid growth obtain, but there is almost an entire absence 
of moisture. This is really the critical period and brings the discussion 
to the real point at issue, namely, the relation of the moisture supply 
to the plantation.* 

Authentic records are found where certain species of eucalyptus have 
endured droughts of considerable severity. 

Prof. McClatchie notes (Bulletin No. 35), having observed at the 
close of the season of 1900, the driest one of which the Weather Bureau 
has record, rostrata, corynocalyx, and tereticornis growing without irri- 
gation in a neglected tract in southern Arizona, where the ground water 
was 100 feet below the surface. Other examples may be found. This 
important fact, however, should be noted. In the above cases the trees 
had been well established by irrigation before the occurrence of the 
drought. In fact, in no case has the writer found an example of the 
establishment under desert conditions of a plantation or individual trees 
where a plentiful moisture supply has not been furnished them during 
a period of years succeeding the planting. While those who have studied 
the possibilities of eucalyptus culture in southern Arizona have recognized 
the need for a plentiful moisture supply during the years of establish- 
ment, it is believed that the importance of this point has been generally 
overlooked by those who have advocated the employment of eucalyptus 
for the purposes of forest cover in the Southwest, f 

In the particular tract under consideration no sites of any extent are 



♦"On the mesas and mountain slopes and up to altitudes of 4,500 feet or 
thereabouts, the most important consideration so far as growing plants are 
concerned, is that of soil moisture, i. e., summer or winter growth obtains at 
the lower altitudes whenever there is sufficient moisture in the soil, favorable 
temperatures being for the most part constant factors." Relation of Plant 
Growth and Vegetative Forms to Climatic Conditions. — J. J. Thornber, The 
Plant World, Vol. 12, No. 1, January, 1909. 

t "In order to get the seedlings started it would be necessary to water and 
cultivate them a year or two, after which they would be supported by the 
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found where the ground water is sufficiently near the surface to sustain 
eucalyptus growth, even provided the trees could be established by a few 
years of irrigation. In fact, the sole available moisture supply lies in 
the rainfall, so decidedly irregular in amount, so markedly less than the 
possible evaporation, and so unevenly distributed with respect to the ther- 
mal growing seasons as in the opinion of the writer, to render the for- 
mation of eucalyptus plantations a practical impossibility. 

Upon what data are these conclusions based? Purely upon a study of 
a few of the most drought-resistant species which have been introduced 
to some extent in the Southwest. In discussing the possibilities of the 
genus in southern Arizona Professor McClatchie states: ^*The tests of 
various species made in Arizona by. the writer during the past three 
years, indicate that there are species of eucalypts adapted to many regions 
where they have not been tri^d. These experiments indicate also that in 
localities where it has been supposed they could not be grown successfully 
as forest trees, suitable varieties have not been tried. There is need of a 
careful study of these trees in their native habitats, in order to determine 
what species may be introduced into regions with climate and soil similar 
to those of the districts in which the respective species grow naturally .^^ 

In forming these conclusions it may be that too great weight was 
placed upon the temperature requirements and too little upon the mois- 
ture demands of the species concerned. Thorough experimentation alone 
will determine this. As Professor McClatchie says, "A more careful and 
systematic study of the genus, accompanied by cultural tests will un- 
doubtedly result in the discovery of additional and probably better species 
for these and other regions." Whether species adapted to the gravelly 
desert slopes of this region will be found, remains to be proven. Here 
lies the field for research. A study of the interior desert regions of Aus- 
tralia, with particular reference to the introduction of suitable species 
into the Southwest, would throw considerable light on this subject. Pend- 
ing the introduction of such species, if they exist, the writer is constrained 
to limit his conclusions to those above cited. 



rainfall, especially in localities where the ground water is near the surface." 
Bulletin 35, Forest Service. 

"If the most drought-resistant varieties of eucalypt trees are once well 
established during a period of wet years, or, better yet, by means of moderate 
irrigation, there appears to be good cause to believe that they may be grown 
successfully with limited irrigation on lands that are of secondary value for 
cultural purposes at the present time on account of limited water supply." 

"However, the writer would warn the practical planter not to expect too 
much from trees growing with a limited water supply." Bulletin 68, Uni- 
versity of Arizona, Agricultural Experiment Station. 
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NOTES ON MANAGEMENT OF REDWOOD LANDS 

SWIFT BERBY 
(Contributed) 

The following notes on redwood logging and cut-over lands are based 
upon observations taken upon the lands of the largest lumber companies 
operating in Humboldt County, California, ranging in location from 
Trinidad on the north to Korbel in the east and Holmes on the south. 

The various operations differ somewhat in the smaller details of log- 
ging, but the methods of felling are practically the same throughout. 
Redwood, because of its large size, is felled with a saw, two men working 
together. The notching for felling is done with axes. In order to pre- 
vent all possible breakage, proper notching is of the utmost importance 
-and requires experienced labor. Since redwood is very brittle and breaks 
at each inequality of the ground when felled, the most time-taking part 
of the operation is the preparation of a bed in which the tree is to fall. 
The small timber upon the tract is utilized for this purpose. Logs are 
cut from it and rolled into each depression by jackscrews until the bed 
presents as nearly a plane surface as possible. This work usually con- 
sumes much more time than the actual felling, and the entire operation 
in the case of a large tree frequently requires as many as three days. 
Even with this amount of care the loss from breakage in the best con- 
ducted logging operations varies from 10 to 20 per cent, and in some 
cases probably equals 25 per cent. It is encouraging, however, to note 
that all operators are requiring greater care and more time to be spent in 
felling, which of course will tend to constantly decrease the amount lost 
by breakage. Practically all of the operators still cut the timber abso- 
lutely clean as they go. On one tract at Holmes, where the practice of 
cutting over the area twice has been followed, it was evident that the loss 
from breakage had been lessened considerably and that the cost of logging 
remained at about a standstill. Therefore, it would seem desirable in 
the heavier stands, because of the breakage prevented, to fell and log one- 
half of the timber at a time. 

After felling the trees are trimmed and immediately peeleci. Rings 

are chopped at ten-foot intervals and all bark possible is removed with 

crowbars. Operations cease temporarily at this stage and the timber 

lies for three or four months before burning is attempted. It is possible 

(104) 
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that if the area was gone over before burning and logs cut from broken 
trees and rolled aside with jackscrews, the loss from burning would be 
lessened. The loggers admitted that this seemed practicable but none 
could be found who had tried it. 

When some five or six million feet board measure have accumulated 
upon each cutting area, fire is set out and the cutting burned over. This 
fire is for the purpose of removing slash and debris in order to render 
logging easier. This it does in an excellent manner, but at the same 
time all reproduction is destroyed as well as a large amount of mer- 
chantable timber. Although the redwood is very fire resistant, the fire 
enters all rotten, split or badly broken logs and burns therein for days, 
frequently until the log is completely hollowed out. Also small logs, 
tops and materials used in bedding are often entirely consumed. Logs 
lying across one another are invariably burned in two. In ordinary 
burning this loss approximates 15 to 20 per cent of the stand. In some 
cases this loss is now being reduced by extinguishing the fires in indi- 
vidual trees with water squirt-guns, after the main fire has passed. 

In the majority of the operations visited the debris resulting from bed- 
ding, trinmiing and peeling was not so great but that logging would be 
feasible without burning, though of course it might be slightly more 
expensive. One of the most competent logging foremen agreed that such 
a course was practical, but stated that it would increase his cost of log- 
ging. However, it is certain that the value of the material saved by this 
practice would more than compensate for the additional cost of logging. 
The only logging on unburned land seen was upon a setting near Shively 
which had been too wet to burn. Logging here was very much upon the 
same basis as in other operations except that a little more time was re- 
quired to adjust the slings. Though admitting that logging before burn- 
ing might be advisable, operators were unanimous in declaring that the 
area must be burned ultimately, since they could not afford to run the 
risk of placing their equipment in such a slash, where it might be de- 
stroyed by fire any time during the summer months. Under present fire- 
fighting methods their contention is un'Soubtedly good, but fire patrol and 
clearing about each machine would lessen this danger considerably. 

After burning, the trees are sawed into log lengths and logs too large 
to be handled singly are split with dynamite. All logs are slightly nosed 
to allow them to slip past obstructions in snaking. The next step is the 
construction of logging railroads and skid roads. 

The actual logging is invariably accomplished by skidding the logs 
from the woods to the railroad with steel cables drawn by donkey engines. 
Two general methods are in vogue. Large "Seattle" donkeys bringing in 
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the logs singly or by twos in cable slings is adapted to the flatter localities 
and for distances not exceeding one-quarter of a mile. For hillsides and 
longer distances bull donkeys hauling in trains of 8 or 10 logs at a time 
are used. For loading upon the cars separate cables operated either by a 
small donkey or by a separate spool upon the large donkey are used. 

By comparison with old cuttings one is pleased to note that redwood 
operators are gradually reducing the height of their stumps, though often 
in the case of small timber the height might still be reduced by two feet. 
In the worst cuttings the height of stumps averaged from 5 to G feet, 
whereas in the best work seen the average height was about 314 feet. 
The cutting of low stumps is encouraged by the resultant saving of some 
of the best timber in the tree and the fact that the lower the stump the 
less breakage occurs. Tops are cut out as far as they will make a log. 
which most loggers consider about twelve and some ten inches. 

After logging is completed, gangs of men travel over the area and cut 
all remaining sound material into shingle bolts, which are sledded out to 
the railroad. Very .little merchantable redwood is thus left upon the 
area after logging, though there remains a considerable amount of rotten 
and broken material which offers excellent fuel for forest fires. 

Cut-over Lands 

Three principal methods of handling newly cut redwood land lie open 
to the owner — namely, as farm land, grazing land, or forest land. 

The bottom land along the valleys of the above region is first-class' 
agricultural land, and the quantity and quality of the grain and fruit 
crops now being produced upon this class of land indicate that its best 
returns may be secured by agricultural usage. Only a comparatively 
small amount of such land is covered by redwood, but it is certain that it 
will ultimately all be utilized for agricultural purposes. Such utilization 
is, of course, made very slow by the initial cost of clearing the land. 
Several burnings are required, after which the stumps must be blown out 
piecemeal with dynamite. Such wprk is very expensive and approaches 
a total of $100 per acre, which exceeds the present value of the cleared 
land. 

Nearly all of the redwood is located upon hillsides or table lands, and 
therefore not upon lands at present suited for farming purposes. Prac- 
tically all of this land may be utilized to some extent for grazing, and 
dairying is now one of the important industries of the country. To 
make good grazing land of cut-over redwood forests, the brakes, brush, 
and sprouts following cutting must be kept out and the grass allowed to 
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come in. This is generally accomplished by repeated burning, which 
finally kills all the coppice growth and ultimately allows the grass to 
come in nicely. A tract near Areata which has been burned over bien- 
nially for the last ten years appears to have become permanent pasture 
land, and the redwood stumps show no signs of life. A tract upon a 
north slope near Trinidad, burned over three times in the last five years,, 
still shows signs of coppice growth and is yet poor grazing land. N"orth 
slopes produce a more profuse growth of brakes and shrubs, and are 
therefore more difficult to convert into grazing land. Some very good 
grazing land. occurs on the east side of the Eel Eiver, extending in a 
strip about 9 miles long between Scotia and Shively. This land was 
cut over from 8 to 20 years ago, and has been burned over very few time& 
since logging. Grass has finally succeeded the brakes and the redwood 
sprouts are alive and making excellent growth. Thus a sort of combina-^ 
tion between a forest growth and grazing land is secured. 

Redwood land cut over near Bayside, 30 to 35 years ago, now has a 
sprout growth large enough for the manufacture of ties, telephone poles, 
and some trees are of sufficient size to cut a low grade of lumber. 
Fire has at no time visited this tract after the logging operations. This,, 
with other similar examples, leads one to believe' that redwood sprout 
land offers possibilities as an investment. There are two drawbacks 
One, the unevenness of the resulting stand, may be remedied by inter-^ 
planting with some species, possibly eucalypts. The main obstacle, and 
one which must be overcome before this treatment of redwood land will 
become general, is forest fire. Some localities seem easily protected from 
fire, while in others it is almost an annual occurrence. The latter are 
increasing, owing to the general cutting away of the timber which allows 
the summer winds free sweep. From July to September, inclusive, is 
the fire season in the redwoods, and is also a season of north winds. At 
this time all growth upon the cut-over lands becomes very dry and offers 
^very opportunity for fire. When fire once enters the cut-over areas it is 
very difficult to stop, and usually burns out to the standing timber. Con- 
certed action among timber landowners would do much toward averting 
the fire danger. Patrols should be established; fire-lines constructed; 
fire-fighting equipment placed in convenient places ; stringent regulations 
regarding smoking and use of fire in all camps should be adopted, and 
the State fire laws should be enforced. By such means the ownership of 
cut-over redwood land restocking in the same species will be made a 
desirable thing. 
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EFFICACY OF GOATS m CLEARING BRUSH LAND IN THE 

NORTHWEST 

C. S. JUDD 

(Contributed) 

Location and Physical Character of Area 

The area investigated consists of approximately 120 acres of patented 
land in the Wind River Valley, Washington, within the exterior bounda- 
ries of the Columbia National Forest. It is situated in the bottom- 
land, where the valley of Panther Creek broadens out and merges into the 
Wind River Valley. Panther Creek, a rushing mountain stream of clear 
green water, borders the eastern part of the area, running down through 
a narrow, steep-sided gorge 50 feet lower than the general elevation of 
the surrounding land.. In about the center of the area a rounded hill, 
approximately 120 feet high, rises abruptly and extends northward in the 
form of a ridge. The soil is a fresh, deep forest loam of excellent agri- 
cultural value. Rock is absent except along the eastern portion of the 
area where Panther Creek has cut down to the lava bed rock. 

The whole area was originally covered with a dense forest of Douglas 
fir, western hemlock, grand fir, and a few scattered trees of western red 
oedar and western white pine. There was also a greater proportion of 
vine maple, yew, and dogwood undergrowth than is usual in a forest of 
this type. 

The great fire of 1903 killed the greater part of the trees. The mer- 
chantable burned timber was logged soon after the fire and the area was 
again burned in 1905. Immediately after this last fire timothy grass was 
sown with the intention of converting the area into a pasture. Soon 
after young seedlings of Douglas fir made their appearance, but those 
' which were not choked by the timothy were trampled down and destroyed 
by the few head of cattle that were turned in to graze. About 6 acres, 
liowever, at the northern end of the area escaped the 1905 fire, and the 
Douglas fir seedlings which started here soon after the 1903 fire seem to 
have escaped injury by the cattle. After the second fire the vine maple 
and dogwood sprouted vigorously from the old stumps and appeared in 
-clumps well scattered over most of the area. 
(108) 
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At the present time the area presents a very unsightly appearance. 
Charred stumps, standing snags and fallen logs cover a large part of it, 
and the only living forest trees are a few small, sickly Douglas fir scat- 
tered singly and in groups upon the hill. 

In the southern central part of the area about 8 acres have been en- 
closed by a barbed wire fence. About 6 acres of this are now planted to 
oats and the remainder north of the goat tender^s house on the hillside is 
planted with apple trees. 

Before the goats were placed on the area the ground in places wa& 
covered with a dense mat of wild blackberry vines. In fact, this was a 
favorite picking ground for the near-by settlers. Clumps of vine maple 
and dogwood sprouts from 6 inches to 5 feet high were quite evenly scat- 
tered over most of the area. Here and there young seedling willow and 
hazel bushes grew singly, and in the northwest portion of the area were 
Douglas fir seedlings up to 7 feet in height which the second fire had not 
destroyed. 

Before the owner purchased the goats, he constructed a wire fence 
around three sides of the area, the fourth side, on the east, being im- 
passable by reason of Panther Creek. This fence consists of round post& 
8 inches in diameter, 5 feet in height above ground, set 20 feet apart. 
The posts are strung with 6 smooth wires of number 12 gauge. The 
lowest wire is 4 inches above the ground, and the distances between the 
lowest and the second lowest wire and so on up to the sixth wire at the 
top are respectively 6, 7, 8, 10, and 13 inches, the top wire being 4 feet 
above the ground. At distances of 3 feet 4 inches apart 5 wire stays are 
woven into the wire between each set of posts. One pound of number 12 
smooth wire will make one wire 16^/2 feet long. Wire of this size cost* 
31/^ cents per pound. 

Such a fence is not eflScient in keeping the goats absolutely confined 
within the area, since they can not only force themselves between the 
wires, but can also jump over the top of the fence. This they do by 
leaping up on to the top of the post and then jumping down to the ground 
on the other side. In places fallen logs and stumps occur along the fence,, 
and on these it has been found necessary to nail upright battens set close 
together to keep the goats from jumping from such vantage points over 
tlie fence. 

The fence surrounding the oat field and the apple orchard is similar to 
the exterior fence except that barbed wire is used and the posts are set 10 
feet apart with only 2 wire stays between them. A part of this enclosure 
is built of split rails nailed 4 inches apart to posts which are set 10 feet 
apart. This fence seems to be quite effectvial in keeping the goats out of 
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this cultivated field. Evidences of numerous attempts to enter this en- 
closure are presented by bunches of mohair caught on the barbs of the 
mre. 

A fence of the following description would, I believe, be absolutely 
effectual in confining goats to any particular area. Posts should be set 
20 feet apart with 7 feet showing above the ground and the tops sharp- 
ened to a point so as to afford no perch for the animals. To these posts 
should be strung 8 barbed wires, the lowest 3 inches above the ground, 
and the remaining 7 from the bottom up, respectively, 4, 6, 7, 8, 8, 12, 
and 12 inches apart, the top wire being 5 feet above the ground. Five 
wire stays each 3 feet 4 inches apart should be woven into the wires be- 
tween each set of posts. Care should be taken to clear fallen logs away 
from the fence so that the goats can not use them as jumping points, and 
where the wires cross depressions in the ground obstructions in the form 
of earth heaped up or small logs should be placed beneath the lowest wire 
to prevent the goats from crawling under the fence. 

Shelter of some sort seemed necessary for the goats, and this has been 
provided in the form of a log cabin barn 50 feet by 60 feet with a high 
roof made of dimension stuff and shakes. There is a large bin for hay, 
built on the ground, which is floored with logs and sided with boards. 
The rest of the barn floor is bare ground and the barn is boarded in on 
all sides. 

The goats were purchased in November, 1907, with the purpose in mind 
of placing them on this area in order to clear the land of brush. The 
^oats were obtained in separate lots from Forest Grove, iii the Willamette 
Valley, Oregon, and consisted of 189 in all. They are of the angora 
breed, bearing the mohair or goat wool, which is of commercial value. 
The owner paid $500 for one lot of 60 and $40 for another lot of 17 goats. 
Among these are two billy goats, one of which is said to be worth $20. 
At present there are about 156 goats left. 

The goats have not been entirely confined to this fenced area, and for 
this reason full evidence of what this number of goats could do if con- 
fined strictly to an area of this size is not available. The goats have not 
only jumped the fence and browsed on a large area surrounding the en- 
closure on the west bank of the river, but a log has been placed across 
Panther Creek near the goat bam, and the goats cross on this and spend 
a large part of their time browsing on the steep hillside on the east side 
of the creek. 

A goat tender lives in the house near the apple orchard and his duty is 
to care for the goats. He says that they are more bother than they are 
worth, as they often wander into the thick brush and get lost and have to 
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be driven back. Sometimes they get caught by the horns and would 
starve to death if not liberated. They seem to be very stupid animals and 
when in difficulty give up easily. Cougars have killed two of the goats 
and a timber wolf took away several. Bob cats also are fond of goat flesh, 
so that the goat tender is constantly on the watch for these predatory 
animals. 

The goats are free to roam all the year round. They usually come back 
to the barn at nightfall, especially when the weather is at all rainy. 
When the browse is covered with deep snow, timothy and clover hay is 
fed to them at the barn. The goat tender says that three goats will eat 
as pcinch as one horse. 

The goats were sheared of their hair during the first part of March, 
and the hair, which was not of very good quality, brought only 20 cents 
per pound. 

Results of the Experiment 

The goats have been on the area now for 16 months, and have browsed 
on the vegetation all of this time except when the depth of snow made 
this impossible. Their efficacy in clearing and keeping the land clear of 
brush is certain. 

The following is a list of species on which the goats will browse in the 
order of preference, as nearly as could l)e determined : 



1. Fern 


12. Blackberry. 


2. Vine maple 


13. Oregon grape 


3. Dogwood 


14. Salal 


4. Elder 


15. Hazel 


5. Willow 


16. Black Cottonwood 


6. Red huckleberry 


17. Wild rose 


7. Wild pea 


18. Wild cherry 


8. Thimbleberry 


19. Fireweed 


9. Hardback 


20. Douglas fir 


LO. Alder 


21. Western hemlock 


LI. Raspberry 


22. Western yew 



In addition to these the goats have been caught in the act of nibbling 
the bark of the apple, pear, and cherry trees. 

Half of the clumps of vine maple and dogwood sprouts, the most 
abundant shrubs on the area, were killed outriglit by browsing, and on 
other clumps the tips of 3-year-old sprouts have been nibbled clean off 
and the sprouts have died down as much as 24 inches. Tips of dogwood 
T^ranches 8 feet above the ground have been nibbled by the goats, and 
alder, willow, and dogwood trunks from 2 to 3 inches in diameter have 
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been completely girdled by the chisel-like teeth of these animals. On an 
area of three acres around the bam there is not a living shrub in sight. 

The. goats will not touch Douglas fir unless hard pressed for food, but 
at times they must have been very hungry, for Douglas fir seedlings as 
tall as 6 feet were discovered entirely stripped of every leaf, and branches 
as high as 7 feet have been nipped off. The leaders and side branches of 
smaller Douglas fir have been nipped clean and many have thus been 
killed outright. 

The only species discovered which it is certain the goats should not eat 
is the wild parsnip. This is poisonous, and in a number of instances has 
proved fatal. 

From the observations made of the effect of goat browsing on this area,, 
the author is led to believe that goats are a most efficient means of clear- 
ing areas of brush land when properly confined to the areas by suitable 
fencing. 
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THE ESSEIS^TIALS IX WORKIXC^ PLAXS FOE NATIONAL 

FOEESTS 

BY BARRINGTON MOORE 

{Contributed) 

This article deals but briefly with the essential features in a working 
])lan. Some salient points, here merely touched upon, will be treated 
more fully in future papers. It is written primarily to assist, if only in 
a small way, men in the field who are charged with the making of work- 
ing plans. 

Field \yorh 

Extensive methods of reconnaissance must eventually be abandoned, 
for the data obtained by such methods, although they show roughly the 
ix'sources of the Forest and indicate what parts of the Forest are most in 
need of cutting, cannot serve as a basis for working plans. The best 
methods now in use are : The ocular estimate and map by "forties,'^ the 
estimate being checked by the estimator with occasional sample acres, 
circular or strip, and afterward by the Chief of Party or Inspector of 
Keconnaissance ; and where the Forest is too dense to allow a representa- 
tive portion of the "forty'' to be seen, the strip method, in which actual 
tallies are kept. Under the ocular method the accuracy of the men's 
judgment is also carefully tested and brought up to standard once a 
month by thorough drills on sample "forties." In unsurveyed or poorly 
surveyed country a base line, which about doubles the cost of the work, 
iTuist be rim in order that the "forties" may be accuretely located. These 
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methods require well organized and well equipped crews of four to eight 
men, and involve a cost of approximately from 1.5 to 6 cents per acre. 
The data obtained, however, when supplemented with growth figures, 
serve as a fairly reliable basis for making a working plan, and. experience 
is beginning to show that the newer methods of reconnaissance have 
brought about results far more valuable than the proportionate increase 
of cost. 

Unit of Area Covered by a Working Plan 

The variety of opinion concerning the size of the area which a working 
plan should cover indicates a regrettable lack of knowledge and lack of a 
thorough sifting down of the subject. The ideas here expressed do not 
presume to be final, but, it is hoped, may start discussions which will aid 
in bringing about a more definite policy with regard to this important 
matter. 

The chaotic condition of this subject strikes one forcibly on reading 
the first pages of Mr. Kirkland^s article on Working Plans, published in 
the last number of the Proceedings (Vol. VI, No. I). It is amazing to 
note the amount of space which he considers it necessary to devote to 
arguing for the regulation of the cut by National Forests or part of For- 
ests as units as against the regulation of the cut for the District as a 
whole. It seems incredible that a forester could conceive of any single 
working plan or mere plan for regulating the cut which applies to 25 
different and widely scattered National Forests, covering an area of 
54,657,378 acres and dealing with an innumerable range of conditions, 
as anything but the roughest and most temporary kind of a makeshift. 
It is possible that to attempt regulation of the cut with a whole District 
as a unit may be better than nothing. But it is imperative that it should 
take in only those National Forests on which no local communities are 
dependent and should be replaced at the earliest by regulation for in- 
dividual National Forests. This will be but the second step, little in 
advance of regulation by the District, and to be replaced again by regu- 
lation based on working circles as soon as the data become available.. 
Take for example a case of regulation with the National Forest as the 
unit: We know that there are 400 million feet of timber on the Forest, 
and that it will be safe to cut 20 million feet a year. The restriction of 
the cut to 20 million feet will prevent overcutting on the Forest as a 
whole. But even a single Forest covers a large territory, and there is 
nothing in the above regulation to prevent a heavy overcut on one part 
of the Forest tributary to a certain market, and little or no cutting on 
another part tributary to a different market. The result will be that, as 
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far as stable conditions in the communities dependent on the Forest are 
concerned, we shall be no better off than before. Obviously the same 
thing would be true, only to a far greater degree, with the regulation of 
the cut for the whole District. 

Since the chief aim of a working plan is to prevent just such irregu- 
larities in the cut, the first essential is to divide the area to be covered 
into working circles. This should be done at least roughly before the 
field work, when the working-plans officer (man in charge of a recon- 
naissance party) goes over the ground to lay out the work. The final 
division need not be definitely decided upon until all the field data have 
been gathered and the working plan is actually .in the making. It is, 
however, of the utmost importance that the working-plans officer keep 
this division into working circles in mind as the field work progresses. 

The basis for the division into working circles is geographical situation 
and markets. It is evident that the parts of the Forest in different loca- 
tions and tributary to different markets will require distinct regulations 
of' the cut. If neither of two markets require sustained yield for the 
present, it would be possible temporarily to combine both divisions into 
one w orking circle. But as soon as one or both markets begin to require 
sustained yield the regulation of the cut for each will have to be kept 
separate. 

Where the management becomes intensive silvicultural types and silvi- 
cultural systems will also form the basis of working circles. The results 
may be to include one working circle within another. For instance, in 
the Chir pine {Pinus longifoJia) belt of India an oak working circle, in 
which a sustained yield of oak fuel wood is provided under a system of 
coppice with standards, is situated in the heart of a Chir pine working 
circle managed for a sustained yield of saw-timber under the shelter- 
wood compartment system. Even in this case each working circle is dis- 
tinct from the other and has a separate working plan. In Mr. Kirkland's 
working plan the division into working circles is made ; but in his article 
the basis of this division is not clearly explained. Markets, the funda- 
mental basis of any division into working circles, are not mentioned, 
thougli they were undoubtedly considered. The word "districts" for 
working circles seems ill-chosen, since it is liable to cause confusion with 
ranger districts, besides the fact that there are already enough units in 
the Service called districts. The word "division" seems sufficiently 
distinct and explanatory. 

The important point to keep in mind is that each working circle 
(unless combined as mentioned above) requires a separate and distinct 
regulation of the cut. In the final working plan of the Forest, the plant- 
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ing plan, administrative plan, fire plan, and permanent improvement 
-plan may be combined for the whole Forest if found convenient ; but the 
plan for regulating the cut, the most important part of the working 
plan, must be kept separate for each working circle. 

So far the chief trouble with all attempts at making working plans, in 
the Southwest at least (and it is doubtful whether it is any better in 
other districts), has been that the estimates for the whole Forest were 
bunched together, a formula applied, and the result called a working 
plan. Naturally enough it failed to work. 

Arrangement 

The arrangement of the subject matter in working plans is fairly well 
given in the original outline for working plans gotten out by District 3, 
but will be briefly reviewed here on account of a few changes : 

Introduction (for the whole Forest). 

General location and importance of Forest. 

Historical creation of Forest and changes in boundaries. 

(The following for each division (working circle) : 
Name of division. 
Introduction. 

Time of work, area covered, and personnel. 
Method employed. 
Conditions of work and cost. 

Part I. General Data. 
Status. 
Physiographic features. 

Geology and soils. 

Climate. 
Social and industrial. 
Forest description. 

By blocks or types. 
Utilization. 

The demand. 

Methods of removal for lumber. 

Methods of removal for all other important products. 
Revenue and expenditure. 

Part II. Maps and Estimates. 

(A brief description of the maps and estimates which have been 
made, the maps and detailed estimates themselves being put in the 
appendix.) 
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Part III. Working Plan Proper. 
Objects of management. 
Silvieultural systems. 

For each Forest type. 
Marking rules. 

For each Forest type. 
Brush disposal. 
Regulation of the yield. 

Rotation and felling period. 
Division into blocks and compartments. 
The working capital. 
Calculation of the yield. 

Method of calculation, giving actual examples. 
Calculation for each important species. 
Allotment of the yield. 
Method of allotment. 
Actual allotment. 
Summary of logging conditions by blocks or compartments. 

Part IV. Planting Plan. 

Areas needing artificial regeneration. 
Methods of regenerating. 

Part V. Administrative Plan. 
Ranger districts. 
Force. 

Part VI. Fire-protection Plan. 

Lines of patrol and lookout points. 

Division of patrols into ranger districts. 

Lookout towers or telephone steps on lookout points. 

Part VII. Permanent-improvement Plan. 
General 
Telephone. 
Lookout towers. 
Fire cabins. 
Trails. 
Ranger stations. 

Part VIII. Grazing Plan. 
Description of types. 
Condition of range. 
Unused range. 
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Part VIII. Grazing Plan — Continued. 
Poison areas. 

Prairie dogs and other pests. 
Water facilities. 

AppendLr 
General data. 

Geolog}^ and soils. 
Climate. 
Silvical data. 

Detailed growth studies. 
Silvical notes (for each species). 

Influence of elevation and aspect. 
Soil and moisture requirements. 
Tolerance. 
Reproduction. 
Age classes, distribution of. 
Fire resistance. 
Injuries. 
Supervisors' Administrative Plan. 
Supervisors' Fire-protection Plan. 
Supervisors' Permanent-improvement Plan. 
Miscellaneous. 

Matter not properly part of working plan, such as a discussion of 

advisability of a new sale. 
List of species. 

In the above outline there may seem to be repetition in the appendix 
of subjects already occurring in the body of the working plan. The rea- 
son is that in the body of the working plan everything is treated as 
briefly and as concisely as possible and is later taken up in detail in the 
appendix. This avoids the unwieldiness which has been a marked char- 
acteristic of most plans so far made. The point is one which it is well to 
keep in mind in drawing up a working plan. 

Points in the Woj'ling Plan 
Introduction 

Under the introduction the "Time of work, area covered, and per- 
sonnel" are of general interest, but the most important part is the 
"Method employed." This gives the reader and the men charged with 
the execution of the plan an idea as to the accuracy with which the maps 
and estimates have been made and is therefore indispensable in all future 
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work requiring their use. When field methods have become completely 
established and well known throughout the Service, it will not be neces- 
sary to more than refer to them in the body of the plan and give the 
details in the appendix. But, on account of the present stage of change 
. and development in methods, the subject is now sufficiently important to 
deserve full treatment in the body of the plan. 

General Data 

Although the information under ^'General data'^ should be boiled down 
and given (concisely, yet this should not be done at the expense of com- 
pleteness. Though it may sound axiomatic it is sometimes forgotten 
that there will be certain information in the ^^General data" without 
which no working plan can be made. 

The "Status" of the land included in the Forest will sometimes exert 
a marked influence both on the silvicultural treatment and administra- 
tion of the Forest. If a Forest is badly cut up with alienated land, cer- 
tain measures otherwise desirable and easy of application may be ren- 
dered extremely complex or even impossible. 

The "Physiographic features," under which are commonly included 
"Topography, drainage, geology, soils, and climate," will influence the 
choice of the silvicultural system, the marking rules, the brush disposal, 
and, through them, the entire regulation of the cut. Knowledge of the 
climate is not only necessary from a silvicultural point of view and to 
show the productive possibility of the Forest (e. g,, in the Southwest 
rainfall is the factor positively determining the existence or non-exist- 
ence of forests), but it is of vital importance in drawing up the plan for 
protecting the Forest against fire. 

"Social and industrial information," under which are included "Popu- 
lation, labor supply, local industries (lumbering, grazing, agriculture, 
mining)," and the needs of the local population for free use, is indis- 
pensable in drawing up timber sales and in a proper administration of 
the Forest. For instance, in deciding upon the provisions of a timber- 
sale contract, it is well to know not only where the purchaser's labor is 
to come from and how much he must pay for it, but also the class of men 
with whom it will be necessary to deal. In general administration an 
illiterate and ill-disposed population always complicates most problems, 
particularly that of protection against fire. 

"Forest description" is one of the most important and yet most fre- 
quently slighted parts of a working plan. It is needed in any timber sale, 
as being part of the information which the officer making the sale would 
obtain if he were sent out to make an examination of the area. Since 
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one of the aims in drawing up a working plan is to obtain all the neces- 
sary field information, so that a sale can be made at any time without the 
expense of sending a man out, the working plan should contain this in- 
formation. Forest description is essential not only for this purpose, but 
also as forming the basis of all the silvicultural recommendations in the 
working plan; on it depend the silvicultural systems, marking rules, 
brush disposal, and regulation of cut; in fact all of the purely scientific 
part of the plan. It has hitherto been more or less shirked by recon- 
naissance men, because of its inherent difficulty and their inability to 
make anything but a tiresome and futile discussion of it. Then, too, 
many fail to see the true scientific viewpoint beyond the all-absorbing 
work of mapping and estimating. The common objection as to the length 
of Forest descriptions can be obviated by relegating all details of silvi- 
cultural value which have heretofore been included in "Forest descrip- 
tion" (when included at all) to the appendix. In addition to "Forest 
description,'^ purely silvical notes of distinct value can be made by the 
working-plans officer and the technical men of the party in connection 
with the regular field work. These also should be placed in the appendix. 

"Utilization'' is a subject the significance of which may be seen at a 
glance. It is almost sine qua non of the qualifications of a working- 
plans officer that he be thoroughly familiar with all local market condi- 
tions and with all the methods and detailed costs of lumbering or of 
extracting whatever product the region demands, such as mine timbers, 
cordwood, etc. If the working circle contains more material than can be 
absorbed by the local markets, and must depend to a certain extent on 
export markets, he must also be familiar with the conditions of the lum- 
ber market in other parts of the country ; he must know the freight rates, 
the prices at the large lumber centers, the sources of competing timber, 
tendencies in other parts of the country, and any other factors (such as 
the influence of the Panama Canal on transportation) which may have a 
bearing on the price of lumber. On all these things depend not only the 
provisions of the timber-sale contract with regard to closeness of utiliza- 
tion, but also the regulation of the cut and a stumpage price which shall 
be fair to both the purchaser and the Government. 

A paragraph on "Eevenues and expenditures" takes up but little space 
and is of interest as showing whether or not the Forest is self-support- 
ing, and as an indication of what is to be expected in the near future. 

Maps, Though the function of maps in working plans needs no com- 
ment, mention should be made of the different kinds of maps. In the 
first place contours are preferable to hachures, where the work is in- 
tended to be in any way final. The first map called for is a topographic 
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map, giving Forest types and the boundaries of the Divisions (working 
circles, blocks, and compartments, together with all sawmills and cutting 
areas). If the cut is to be regulated on the basis of area with a volume 
check, a map showing age classes and site qualities is necessary. Under 
either the area or volume method of regulation, a stand map giving the 
volume per acre is helpful but not indispensable. It is of more value 
under the area than under the volume method. Each plan given in the 
foregoing outline (the planting plan, administrative plan, fire plan, per- 
manent-improvement plan, and grazing plan) requires a map in order 
that too much data be not placed on one map; it is better to have sepa- 
rate maps than try to combine too much and cause confusion. The 
planting-plan map should be the original topographic type map, with all 
areas requiring artificial regeneration, areas already planted or sown, 
and nurseries and proposed nursery sites. The fire-plan map should be 
the topographic type map, showing all lookout points, watch towers, lines 
of patrol, Eanger headquarters, fire-guard stations, location of fire-fight- 
ing tools, and places whence assistance in fighting fire may be obtained. 
Topography and types are of great importance in fighting fires. The 
administrative and permanent-improvement maps may be combined in 
one ; no topography except the main ridges and streams is necessary, but 
all improvements, such as Hanger stations, fire cabins, telephone lines, 
roads, trails, corrals, pastures, drift fences, watch-towers, water tanks, 
etc., together with the boundaries of Eanger Districts, should be given. 
The grazing map should be the topographic map on which, instead of 
forest types, grazing types are shown, together with the condition of the 
range ; the portions grazed and not grazed ; the winter, summer, and year- 
long range, and all water facilities. The planting, fire, administrative, 
permanent improvement, and grazing maps may be made after each 
Division of the Forest is completed, and then combined into one map, or 
made altogether after the whole Forest has been covered. The maps for 
use in regulating the cut must be made as soon as each Division is com- 
pleted. 

In addition to the above maps a set of blank township plats should be 
kept for putting in the status (alienations), June 11 claims, and special 
uses. 

Working Plan Proper. The ^^Object of managements^ can easily be de- 
termined from a knowledge of the area and of market conditions, and 
should be kept constantly in view, both in the field work and in the final 
preparation of the plan. 

Silvicultural systems must be dtawn up for each important Forest 
type, and should be based entirely upon the forest description and silvical 
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data (growth figures and silvical observations). The working-plans offi- 
cer should not go into the field prejudiced in favor of any one system, 
because he is then in danger of seeing only such phenomena as tend to 
prove that this system is correct. He should keep his mind open, see 
everything, and draw his conclusions accordingly. Although the prin- 
ciples on which silvicultural systems are based should be constantly kept 
in mind throughout the work, yet the systems themselves should not be 
finally decided upon until all the data have been thoroughly worked up. 

The next step will be to draw up a careful set of marking rules which 
shall insure the putting into practice of the silvicultural systems decided 
upon. These should be sufficiently elastic to cover all cases, very clearly 
stated, and should be as nearly as possible the rules of guidance which the 
working-plans officer, with his knowledge of the silvical requirements of 
the tree, would set before himself if he were actually marking a timber 
sale. Of course, they should be expressed in such language that they can 
be readily xmderstood by Eangers with little or no technical training. 

It is no exaggeration to say that the marking rules are the most im- 
portant part of the entire working plan, because on them and on their 
proper execution depends* the entire silvicultural future of the Forest. 

In a general paper of this character it will not be possible to more 
than skim over the vast field of regulation of cut. The choice of rotation 
must depend upon the growth figures and the object of management. It 
should not be difficult to get a better basis than that given by Mr. Kirk- 
land in his article on working plans previously referred to, namely, ^^The 
use of a comparison of similar species in other countries" and "Crude 
yield tables.^^ It would seem obvious that the roughest kind of stump 
counts made in the region would have been more reliable. His use of a 
financial rotation is also open to question. A financial rotation is well 
enough when it does not interfere with other objects, which to the gov- 
ernment should be of greater importance ; but it is hardly adapted to the 
practice of extensive forestry or justified by the data which he had on 
hand. Therefore, until safer and more reliable data are available and 
until more intensive methods become practicable, it would probably be 
wiser to stick to a simple maturity rotation. 

The division into blocks and compartments should, of course, be made 
on the basis of topography. In general the block should be a group of 
logging units and the compartment a single unit. The subdivision of 
the block into compartments is too intensive for the conditions on many 
National Forests at the present time. 

The method of regulating the yield will depend upon the silvicultural 
condition of the Forest and the data which it has been possible to obtain. 
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For instance, in a Forest which is uneven-aged, requiring a selection sys- 
tem, regulation should be on the basis of volume with an area check. If 
the strip method of estimating has been used and accurate stand tables 
obtained, it will be possible by applying growth figures to obtain the incre- 
ment per acre.* If nothing more than growth figures and estimates have 
been secured, a growth per cent must be used. The well-known Austrian 
formula, supplemented with careful judgment in distributing the sur- 
plus, will give results sufficiently accurate for all practical purposes. 
Where a Forest is even-aged the regulation should be by area with a 
volume check. This involves stand tables, growth figures, and a map 
giving site qualities and age classes. The allotment of the cut is made 
by deciding upon certain areas producing an equal volume. Under either 
system it is necessary to give the cut in detail for only the first part of 
the rotation and then approximately for the last part, since a revision of 
the working plan should be made periodically, usually every 10 years. 
It will be well, until methods of regulation are more generally under- 
stood, to give the details of the method very thoroughly in the plan. 

The final allotment of the cut under any method of regulation should 
be made with due regard to local needs. For example, if there are a 
number of industries demanding wood to such an extent that an overcut 
results, and if restricting their cut to an amount which will produce sus- 
tained yield will involve crippling their operations, it will be wiser to 
allow them to continue cutting until the supply is exhausted and they 
are forced to stop automatically than to cripple them in such a way as to 
risk their immediately stopping operations altogether. In many cases a 
sale made before the reconnaissance work was done, though it results in 
an overcut, must be continued because the Government is under a moral 
obligation to the purchaser. Where timber is not needed for local 
markets and is mature, it is good policy to have it all cut at once 
(provided it can be sold), even though the result be a complete blank in 
the 3deld for a considerable period of years. Of course, where it is 
feasible, sustained yield should be aimed for, but it should not be the sole 
object of the working plan, without which, as is sometimes thought, it 
ceases to be a working plan, nor should too many practical considerations 
be sacrificed in order to secure it. 

Other Plans Forming Part of Working Plan. The planting plan, ad- 
ministrative plan, fire plan, permanent-improvement plan, and grazing 
plan, though subordinate to the timber plan, are essential to a complete 



♦ In dealing with virgiu stands it must be remembered that in an over- 
mature tree which has begun to deteriorate the growth is often balanced by 
the decay. 
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working plan. They should be drawn up with much care and only after 
they have been discussed in detail with the Forest supervisors ; then their 
provisions will be of real value to the future work of the Forest. 

Hitherto the timber plan has been placed in the files with the other 
plans, all being considered of more or less equal importance. This was 
logical when the timber plan was nothing but a mere rough regulation of 
the cut, or a map and many estimates thrown together with the name of 
working plan, as with the early attempts; but as forest management be- 
comes comprehensively understood and better organized it will be recog- 
nized that these various plans belong together as the proper parts of a 
single, homogeneous working plan. The regulation of the cut and data 
upon which it is based must be kept separate for each Division of a Na- 
tional Forest; the other plans may be kept separate or combined, which- 
ever is most convenient, but each performs its particular function in the 
enforcement of a well-made working plan. 

To summarize, the more important points brought out are: 

1. Eegulation by Districts would be but a rough makeshift. Eegula- 
tion by National Forests is but a single step in advance and still a very 
imperfect alternative. Each Forest should be divided into working 
circles, called Divisions, based on geography and market, and a separate 
working plan made for each Division. 

2. Detailed material hitherto included in the body of the plan should 
be placed in the appendix to avoid burdening the plan and yet retain the 
material. 

3. Forest description, hitherto overlooked, is of great silvicultural 
importance and should receive more careful treatment. 

4. A thorough knowledge of market conditions and methods of utili- 
zation is essential. 

5. Maps should be made with contours instead of hachures. Different 
ones are required for the different plans. 

6. The silvicultural systems and marking rules are the most important 
parts of the working plan. 

' 7. Some growth data applying to the region in question are necessary. 

8. The regulation of the cut in uneven-aged Forests should be based 
on volumes with an area check; in even-aged Forests on area with a 
volume check. 

9. The final allotment of the yield must be made with due regard to 
local needs. 

10. Other plans forming part of the working plan sliould be properly 
correlated and made to form a homo<^eneous whole. 
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CONSERVATION AND CHEMICAL PULP 

BY DR. B. HERSTEIN 
Technical Expert, Tariff Board 

(Oontrihuted) 

I shall confine myself in this paper to the statement of certain facts 
and conditions, unembellished by any discussion of a theoretical nature, 
however pertinent to the subject and however tempting the occasion may 
be. Such a problem as the conservation of natural resources is too vast 
and wide for more than anything but a mere presentation of the under- 
lying causes which have brought it into existence, and is of too vital im- 
portance to permit of controversies other than those based on indis- 
putable facts. The proposal of remedial measures, adequate and yet 
feasible under prevailing conditions, is the business of men who by voca- 
tion or the trust of the people have been charged with the task of main- 
taining the rational continuity of the resources of our national wealth 
and economic independence, and of those who from a praiseworthy con- 
ception of civic obligations liave voluntarily taken this task upon them- 
selves. To point to sources of useless waste, actual or potential, of the 
heritage of those to come is the duty of every citizen. 

The manufacture of wood pulp by the so-called "sulphite process" 
involves a loss of practically one-half of the weight of the barked wood 
necessary for the operation. This condition prevails not only with the 
above-mentioned process, but is in greater or lesser degree a feature of all 
chemical processes devised for preparing })aper pulp from wood. It is 
due to the fact that wood is far from being chemically a uniform sub- 
stance, the cellulose which it contains and which alone is valuable as a 
paper-forming fiber being only about 50 per cent in weight, according to 
the kind and age of the wood. The other half of the weight is made up 
of a number of little-known constituents, such as resins, lignin, and other 
carbohydrates, etc., which incrustate the cellulose and must therefore be 
removed if the fiber is to be of good and lasting quality. This can be 
affected only by chemical methods, whereby all these undesirable sub- 
stances — undesirable only in relation to the object in view — are brought 
more or less into solution and thus separated from the cellulose, which 
remains behind in insoluble form. 

Two processes mainly are used for this purpose: The "soda process," 
consisting in boiling the wood with a solution of caustic soda under 

(129) 
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pressure, and the ^^sulphite process/' which uses a solution of a *^isul- 
phite" — mostly of lime — as the solvent. Each process has its relative 
merits and the technique in both is similar. The organic constituents of 
the wood which have been dissolved by the operation and, as stated above, 
are practically one-half of the total weight of the wood originally em- 
ployed, are, as far as the manufacture of wood fiber is concerned, an 
economic loss, though founded in the nature of the wood and therefore 
unavoidable. An adequate idea as to the quantities and the magnitude 
of the loss involved may be gained from the figures furnished by the 
census statistics of 1905, showing a production for that year of 

Soda pulp 197,000 tons. 

Sulphite pulp 756,000 " 

Total 993,000 " 

These figures, owing to the natural expansion of the industry, must 
now be considerably larger. The weight of the organic constituents of 
the wood carried off by the solvents is at least equal to the weight of the 
pulp made, and the economic disposal of this waste is a problem which 
still awaits solution. 

In the case of the soda pulp a partial solution has been forced upon 
the manufacturer by the fact that the liquid after having acted upon the 
wood contains with the organic matter extracted from the wood also the 
valuable soda, which can be reclaimed without much cost. The solution 
is evaporated to a thick syrup and in this condition will burn by itself 
when once ignited, the organic matter present furnishing the fuel. The 
heat thus generated is used to evaporate a fresh portion of thin liquor. 
The soda left in the ash is extracted with water, causticized, and used on 
fresh wood. 

From the comparative figures given above it can be seen that the soda 
pulp made is only a little over 20 per cent of the total weight of pulp 
manufactured; the problem of disposal of the waste liquors is therefore 
not of so great importance. Indeed, except for the fact that the evapora- 
tion of these liquors is accompanied by the evolution of foul gases, this 
method of disposal of the waste is probably commercially the best, because 
the manufacturer is able to use the product himself. 

But no such disposal is possible in the case of sulphite fiber, because 
the bisulphite which the liquor carries along with organic matters cannot 
be reclaimed economically, and, moreover, this will not sustain combus- 
tion after concentration without extraneous fuel. The liquor, containing 
about 10 per cent of organic and about 1 per cent of inorganic substances, 
is in nearly all cases simply run into the river. This may be the most 
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convenient way for the manufacturer, but is certainly not in line with the 
public weal, for not only does the poisonous sulphurous acid which this 
liquid contains exert its baneful action upon anything living in the river 
in the vicinity of the mill, but the fine fibers which are unavoidably car- 
ried along get caught in the gills of the fish and after a while prevent 
their proper breathing. The fish then die from suifocation even at con- 
siderable distances from the mill. Nor is this all. The enormous quan- 
tity of organic matter thus thrown into the rivers is in its natural process 
of decay split up into substances injurious to animal life and of foul 
odor, which, unless the river carries a very large volume of water, render 
the vicinity of a pulp mill little desirable as a place of habitation. We 
are rapidly approaching the time when our rivers will be unable to absorb 
any more of these sulphite liquors with their enormous quantities of or- 
ganic substances, and the problem of their proper dis})osal, looked at from 
thi§ point of view, assumes additional importance. It becomes largely 
one of national hygiene besides being eminently economic. 

In Europe, where paternal governments often exercise their functions 
within spheres considered here sacredly individual, the erection of chem- 
ical pulp plants and the disposal of waste liquors require the considera- 
tion and consent of the authorities charged with looking after the 
interests of the community at large. The manufacturer must dispose of 
his waste, but he must do it in a way which will not destroy nor endanger 
animal life or otherwise put undue burdens on the public. Propositions 
having this object in view liave been advanced by many, inventors and in 
great numbers, but evidently only those deserve any consideration which 
prepare from the liquors a product or products of mass consumption, and 
do this within commercially admissible limits. The proposal to evaporate 
the liquid and make therefrom, eventually under addition of certain 
chemicals, pitch or liquids adaptable for impregnating woods has failed, 
because the products obtained are readily washed away. The use of the 
liquids as tanning material finds no favor with the leather manufacturers, 
because they fail to tan to any extent, and other inventions so far have 
proved equally futile with the exception of one which is now in a fair 
way of realization. 

This exception refers to the utilization of the sulphite waste liquors 
for the manufacture of alcohol. The principle involved is not new. 
Most of the constituents of wood either belong or are closely related to 
the group of substances so widely found in nature and chemically known 
as carbohydrates, of which a great many under the influence of acids, 
high temperature, and pressure are changed — hydrolyzed is the scientific 
term — to grape sugar. Such conditions prevail when purifying wood 
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fiber by the bisulphite process, and the result is that the residual liquors 
contain a certain proportion of sugar. This cannot be separated as such, 
but it can be fermented into alcohol and this in its turn can be reclaimed 
by rectification. 

Simple as the theory of this process is, it has not found practical appli- 
cation before because the technical difficulties were very great and made 
its commercial use impossible. Under the pressure of necessity, however, 
these impediments seem to have been gradually overcome, and this to an 
extent that one of the largest plants in Sweden not only has adopted the 
process in its new development, but within the last year has extended it 
so as to work up all of its waste liquors. This plant is situated in Skut- 
skar, Sweden, and is now producing 300,000 gallons of alcohol per year 
The process used is that devised by Ekstrom, which requires cooling and 
neutralizing the liquids, for which latter purpose the lime residues are 
used, filtration, and fermentation, followed by distillation of the alcohol 
made. No evaporation, and consequently only little fuel, is required, and 
it is claimed for the process that the liquors obtained after eliminating 
the alcohol are entirely innocuous and can be run into the river without 
danger to the community. 

The alcohol made is unpalatable, because it is contaminated with wood 
spirits and other denaturing agents, and this, if anything, is an advan- 
tage, because it makes it available for industrial purposes only. 

The minimum yield is sixty liters, or fifteen gallons, per ton of fiber 
produced. The manufacturing cost is not stated, but the fact that a 
plant which is situated at the seashore, and has therefore no difficulty in 
disposing of its waste li(|uids, has adopted the process seems prima facie 
evidence of its commercial feasibility. Assuming the same yield for the 
United States, this would mean over 11,000,000 gallons of industrial 
alcohol as corre^sponding to the 750,000 tons of sulphite pulp made, 
representing a market value of $6,000,000. 

Any part of this added to the naticmal wealth would represent a clear 
gain, besides the economic advantage in employing additional labor, etc. 
Many branches of industry would welcome such an unlooked-for source 
of supply of the alcohol required for their work, and our manufactures 
would easily absorb this additional quantity even if it were all thrown 
on the market. Ilie greatest advantage, however, would be for the com- 
munity at large, because it would be rid of the potential danger which is 
involved in the indiscriminate pollution of the rivers by the waste liquids.* 



♦ Experiments carried on by the Office of Public Roads, U. S. Department 
of Agriculture, in the use of waste sulphite liquors on roads have shown that 
concentrated waste sulphite liquor "niaj^ be classed as a temporary or semi- 
permanent dust preventive and road. binder." — Editob. 
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SEED PEODUCTION AND HOW TO STUDY IT 

BY RAPHAEL ZON AND C. R. TILLOTSON 
(Contributed) 

Introduction 

Last year, when a serious attempt was made by tlie Forest Service to 
collect seed on a large scale for forestation purposes, the foresters keenly 
realized for the first time how little knowledge exists in this country re- 
garding the seed production of our trees and the factors which influence it. 
Plans for sowing operations must necessarily depend on available seed. 
Unless, therefore, one can foretell with a reasonable degree of certainty 
the amount of seed which different species will produce at definite in- 
tervals, all such plans must naturally lack definiteness. Wlien the for- , 
ester fully understands the laws of seed production he can control and 
stimulate it in accordance with his needs and be complete master of the 
situation. Aside from the practical value of such knowledge, it is of thj 
greatest scientific interest. Our knowledge of the life history of forest, 
trees will be incomplete until this mysterious occurrence of seed years 
and the factors that influence them are fully understood. Of all the 
silvical problems seed production is the most difficult one to solve. This 
may be readily inferred from the fact that although seed production 
excited great interest on the part of p]uropean foresters even in the early 
days, and several attempts were made to penetrate into the mystery of it, 
little as yet is known regarding the seed production even of the few 
European species, especially of the factors that influence it. 

The investigation of seed production of forest trees consists of four 
distinct problems: (1) The determination of the amount of the seed 
crop; (2) the determination of the periodicity of seed production; (3) 
the determination of the various external and internal factors which 
affect the amount and the periodicity of seed production, and (4) the 
solution of the biological problem of seed production. Each of these 
problems must be solved in the order indicated, since the solution of each 
furnishes the basis for the solution of the following ones. 

The first and immediate problem is to determine the amount of seed 
produced by each species. This may not be as simple an undertaking 
as it seems. Should the seed crop be estimated ocularly or actually 
measured on representative trees or sample plots? If it is to be meas- 

(1:^3) 
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ured, what is to be taken as the unit of measure — the number of cones 
produced by a few individual trees, the amount of cones produced per 
unit of area, or the quantity of germinable seed produced by individual 
trees or on a given unit of area ? It is essential to agree on the method 
of measuring the seed crop before the problem of the periodicity of seed 
crops can be attacked. To solve the problem of the periodicity of seed 
crops repeated comparable investigation of the first problem carried on 
for a number of years is necessary. In the solution of the third problem 
there enters the determination, first, of the external factors such as cli- 
mate, soil, exposure, light, injury, and destruction of seed by animals 
and fungi, and, second, of internal factors, such as composition, age, 
density, and health of the stand. The solution of this complicated ques- 
tion, or rather of this series of complicated questions, requires systematic, 
parallel, and uninterrupted series of investigations, which cannot be un- 
dertaken by one individual but must be carried on by permanently or- 
ganized forest experiment stations. The fourth problem, which is the 
final aim of all the investigation, is the most difficult of all, and requires, 
in addition to all other lines of work, a whole series of chemical, physio- 
logical, and anatomical investigations. The study of seed production 
in its entirety is thus a most difficult problem. 

In this article an attempt will be made to discuss merely the methods 
of measuring seed crops. 

Historical Review 

For many years the only method of studying this problem was the 
statistical one — that is, the collection of information, which was not 
always^ reliable, from all possible sources as to the occurrence of seed 
years of certain species. In Germany, Eberts,* and later Goebel,t 
attempted to determine the occurrence of seed years of Scotch pine by 
the number of cones which passed through the drying houses. Eberts 
worked up material for the period 1840-1871 for southern Germany, and 
Goebel for the period from 1837-1884 for the vicinity of Eberswalde, 
Prussia. As both of these works were based exclusively on yearly 
records of quantities of cones, the source of which was unknown, as well 
as the • conditions under which they were produced, they could not, of 
course, throw much light upon the question of the periodicity of seed 
years, and had, therefore, no scientific value and were of little practical 
importance. The data thus collected give, of course, some idea of the 
general amount of pine cones produced in the vicinity of the drying 

♦Zeitschrift fur Forst- uiid Jagdwesen, 1875. 
tibid, 1886. 
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houses; silviculturally, however, they fail to explain the periodicity and 
variability of the seed crops. 

In 1886, Schott von Sehottenstein brought together a considerable 
amount of data as to the seed production of white pine (P. strohus) in 
the municipal forest of the city of Frankfort. This forest is composed 
of a pure stand of mature white pine about 7% acres in extent, and is 
leased yearly for the gathering of seed, the amount of the lease being 
based entirely upon the amount of seed collected. On the basis of the 
revenue derived therefrom during the 22 years from 1865-1886, Schott von 
Sehottenstein attempted to determine the amount of seed production of 
white pine. He found that in this 22-year period there were three years 
in which no seed whatever was produced, three years with a very scant 
crop, and sixteen years during which more or less seed was produced. 
During this period the average annual income derived from the lease 
was about $135, or about $18 per acre per year. In years of exception- 
ally bountiful seed crops, however, the revenue was much greater; thus 
in 1866 it was $250; in 1876 $501 ; in 1884 $260, and in 1886 $455. 

For this early period the phenological observations of Lauprecht, 
published in 1875,* on the masts of oak and beech are especially inter- 
esting. For 23 successive years, from 1850 to 1873, he observed the 
seed production of beech and oak in the forest district Worbis, in 
Saxony* Each year he recorded the weather in April and May, the 
date of the beginning of leafing and flowering, the character of the sum- 
mer weather, the time of the hardening of the beech nuts and oak 
acorns, the amount of each produced, and finally the damage to the seed 
by insects. For the sake of comparison he also recorded the seed pro- 
duction of the same species in two neighboring forests. The crop was 
determined by him ocularly and expressed as follows: 

Full seed year equals 1. (This is wlien all trees bear seed, and occurs ouly 
in exceptionally favorable years.) 

Half seed year equals i^ of a full seed year. (In these years seed is not 
borne at all in some stands, and is lacking on some of the trees in other 
stands. ) 

Partial seed year equals % of full seed year. ( In these years so little seed 
is produced that there is not enough for natural reproduction.) 
I 

Lauprecht prefaces his own observations by giving some facts in re- 
gard to seed production of oak and beech in this forest in the past. As 
a basis for determining the extent of these past seed crops, he made use 
of the archive records of the number of permits issued for pasturing 



♦ Zeitschrift ftlr Forst- und Jagdwesen, 1875. 
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swine in beech and oak forests. In this way he found for the forest 
district Worbis that the amount of seed corresponding to a full seed year 
was produced for the following definite periods at the intervals indicated : 
for the period from 1787-1811 every 8 years; for the period from 1834- 
1849 every 10 years. For the period from 1812-1833 there were no 
data. For the first period the author gives for beech more detailed fig- 
ures, as follows : 

1787, partial seed year (one-eighth). 
1789, half seed year (one-half). 
1794, full seed year (one). 
1797, partial seed year (one-eighth). 

1803, half seed year (one-half). 

1804, partial seed year (one-eighth). 
1808, partial seed year (one-eighth). 
1811, half seed year (one-half). 

Thus for the period from 1787-1811 — that is, for 25 years — there 
were 1 full seed year, 3 half seed years, and 4 partial seed years; the re- 
maining 17 years were entire failures. Adding up the entire amount 
of beech seed produced in the 25 years, it will be seen that the total 
amount is equivalent to 3 full seed years. By dividing 25 by 3, the in- 
terval of 8 years is obtained. In other words, in the course of 8 years 
an amount of seed equal to that of one full seed year is produced. 

During the second period the seed years occurred in the following 
manner : 

1834, half seed year (one-half). 
1836, partial seed year (one-eighth). 
1843, half seed year (one-half). 
1846, partial seed year (one-eighth). 
The remaining 12 years were failures. 

Jacobi determined this interval in the production of beech nuts for 
the municipal forest of Gottingen during the same period (18th century) 
to be 7 years — that is, one year less than the interval determined by 
Lauprecht. This is undoubtedly due to the more favorable location of 
the Gottingen forest. 

Lauprecht brought together in a tabular form all of his phenologies 1 
observations to show that for the period from 1850-1873 the amount of 
beech nuts corresponding to a full^eed year was produced only in about 
12 years; in other words, seed production of beech during the years in 
which he made phenological observations was less abundant than in the 
preceding period. For the oak, Lauprecht did not determine the in- 
terval but merely indicated that there were 7 years during which acorns 
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were produced. The amount produced, however, was so small that he 
did not designate even a single one as a half seed year but placed them 
rather in the partial category. In conclusion, Lauprecht expressed the 
opinion that only experimental studies could determine thoroughly the 
conditions affecting seed production, since only by such studies could all 
the factors be carefully measured, especially the meteorological phe- 
nomena. 

A .more serious attempt at an investigation based upon systematic 
observations was made by the Prussian Central Experiment Station. 
These observations were carried on for 20 years in accordance with 
a definite plan, and were designed to obtain a solid foundation for 
determining the seed productivity of forest trees. The method con- 
sisted in an ocular estimate of the amount of seed produced by the 
dominant species in the stand. By means of a set of questions prepared 
by the Central Station and sent out to each government forest, informa- 
tion in regard to the amount of seed production on these forests was 
obtained through the forester in charge. This amount was designated 
as good (full), medium, poor, and none. These data were published 
each year in the "Zeitschrift fiir Forst- und Jagdwesen," and finally, in 
1895, Professor Schwappach made a final summing up of all the data 
obtained during the 20 years. 

At the very beginning Schwappach points out three serious drawbacks 
to all of these observations: (1) The same care and interest was not 
taken with the observations in every case, and therefore they were not 
uniformly accurate; (2) there was no general standard for determin- 
ing the amount of seed produced, since for the different latitudes the 
conception of a full seed year must have been different. Lack of a com- 
mon standard for determining the amount of the seed crop resulted, for 
instance, in one observer determining the seed production of oak by the 
quantity of acorns and another by their quality. The material thus 
obtained did not have the same uniform significance, and, could not, 
therefore, be fairly comparable; (3) Schwappach points out that the 
weak side of these investigations is that in its plan the Experiment Sta- 
tion did not indicate to what extent a given species must be present in 
the stand in order that its seed production be determined. It is a well- 
known fact that single trees occurring here and there in a stand bear 
seed more frequently than pure or nearly pure stands. 

The most serious defect of this work lies, however, in the fact that in 
making these observations on seed productivity there were not made at 
the same time observations on the main meteorological phenomena, and 
no data were collected as to the age and density of the stand, the charac- 
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ter of the soil, and the exposure ; in other words, no data were collected 
as to the chief factors which affect the degree of seed production. 

General conclusions drawn from such heterogeneous material can 
scarcely be considered trustworthy. Schwappach himself justly remarks 
that the averages of seed production obtained by him for entire Prussia 
are not applicable to individual localities, and he cautions the reader 
against giving too much scientific recognition to these observations. 
Without going into the details of Schwappach's work, there will be given 
here only the main conclusions to which he came in working up this 
enormous amount of material that accumulated during 20 years of obser- 
vations. 

Schwappach expressed numerically the amount of seed produced by 
designating a full seed year as 100, a medium as 50, a poor as 25, and a 
failure as 0. He determined the average seed productivity of each 
species by using the following formula: 

aXl00 + bX50 + cX25 + dX0 

a + b + c • + d 

a = number of full seed years. 
b = number of medium seed years. 
c = number of poor seed years. 
d = number of failures. 

By means o£ this formula, Schwappach showed in the following table 
the average seed productivity for entire Prussia of each of the nine prin- 
cipal species. In addition, he used the figures 1, 2, 3, and 4 to express 
the relative seed productivity — 1 to designate a very good seed crop and 
4 a very poor one. From this table it may be seen that the average seed 
productivity of the different species for 20 years ranges from 16.2 per 
cent to 44.8 per cent of a full seed year. All the species may be arranged 
in the order of seed productivity as follows : 

Birch 44.8 per cent. 

Hornbeam 42 . per cent. 

Alder 39.9 per cent 

Scotch pine 37 . 6 per cent. 

Norway spruce 37 . 1 per cent. 

Fir (A. pectinata) 34.5 per cent. 

Ash 33.3 per cent. 

Oak 17. 1 per cent. 

Beech 16.2 per cent. 

Analyzing the variation of this average seed productivity for the en- 
tire period of observation, Schwappach found that these average figures 
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are not subject to variation, and can therefore be considered as constant 
quantities for each species. He calls them coeflficients of seed produc- 
tion. Thus on the basis of seed productivity the species under observa- 
tion may be divided into three groups. In the first group are included 
those which bear' seed most frequently, and produce every two years an 
amount almost equal to a full seed year — that is, 100. Birch and horn- 
beam belong here. To the second group belong species with medium 
coefficients of seed production, which bear in three years as much seed 
as is produced in a full seed year. Alder, pine, spruce, fir, and ash fall 
into this class. Finally, the third group is made up of the least seed- 
productive trees, oak and beech, which produce only in six years an 
amount of seed equal to one full seed year. 

Besides the coefficient, Schwappach gives in the following table data 
regarding the extreme variations in seed production — that is, the maxi- 
mum and minimum seed crops of individual species for entire Prussia. 
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Maximum. 


Minimum. 


Ditferenee be- 


Species. 


Year. 


See<J pioduo- 
tioii. 

36.4 
65.5 
67.7 
61.2 
54.3 
54.5 
54.2 
60.8 
51.8 


Year. 


Seed produc- 
tiou. 


tween maximum 
and minimum. 


Osik 

Beech 

Hornbeam . . . 
Ash 


1892 

1888 
1890 
1881 
1893 
1884 
1891 
1890 
1884 


1876 

1878 
1877 
1880 
1880 
1880-91 
1876 
1879 
1879 


6.2 
0.8 
19.5 
14.9 
29.6 
37.7 
29.4 
21.8 
20.4 


30.2 
64.7 
48.2 
46.3 


Birch 

Alder 

Pine 

Spruce 

Fir 


24.7 
22.8 
24.8 
39.0 
31.4 







From Table 2 it will be seen that the greatest variation in seed pro- 
duetivit}^ of different years for entire Prussia is observed in beech — 64.7 
per cent. In poor seed years this species throughout Prussia produces 
a very small quantity of seed — an amount equal to only about 0.8 per 
cent of a full seed year. Of the other species, oak comes closest in this 
respect to beech. In alder, birch, and pine these variations are the least 
(alder 22.8 per cent, birch 24,4 per cent, pine 24.8 per cent). The 
amount of seed produced by these species, even in a poor seed year, for 
entire Prussia is still considerable — namely, about one-third of a full 
seed year. That means that these species, while failing to produce seed 
in one locality, do produce abundant seed in some other locality during 
the same year. In tlie case of oak and beech, however, the low seed 
production means that there is a general failure of most of these species 
throughout the entire country. All other species occupy an intermediate 
place between these two extremes. 

Since these coefficients are average figures of the seed productivity of 
the different species for entire Prussia, they do not enable one to judge 
as to the seed production in any individual locality. In order to deter- 
mine the seed production of species for a given locality, Schwappach 
divided the 29 forest districts over which the observations extended into 
four groups, in accordance with the average seed production of each dis- 
trict. These groups are made up as follows: 

Group 1. Those districts in which there Is a very good seed production of 
one species. 

Group 2. Those districts in which there is a good seed production of one 
species. 
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Group 3. Those districts in which there is a medium seed production of one 
species. 

Group 4. Those districts in which there is a poor seed production of one 
species. 

Then he selected for each group and species a district typical of a 
given province of Prussia, and compared how the average seed produc- 
tivity of the district varied by years with the geographical location of 
the place. In this way he succeeded in showing that oak in Hanover, 
for instance, during 20 years had eight very good seed years (1875-78- 
81-83-85-86-92-93), five good seed years (1874-77-82-88-90), one me- 
dium seed year (1887), and six poor seed years (1876-79-80-84-89-91), 
which makes an average seed production of 21.7, whereas in Dantzig dur- 
ing the same time oak had only three very good seed years (1887-92-93), 
four good seed years (1874-76-79-90), five medium seed years (1881-83- 
85-86-88), and eight poor ones (1874-75-78-80-82-84-89-91). This 
gives an average seed production of 11.6 per cent, or one-half that of Han- 
over, a more southern district. In the same way he determined the in- 
fluence of individual localities upon the seed production of other secies. 

Finally, in describing each species separately, Schwappach gives fig- 
ures of seed production for individual forests. Thus, for instance, with 
oak he took one forest for each group of the districts, and found the fol- 
lowing number of seed crops of different degrees of abundance : 



Full seed year 

Half seed year. .. 
Partial seed year. 
Failure 



Table 3. 
Name of Forest and Number of Group, 


1 


W^Isrode Coblenz 
(1) (11) 
4 


Neuhaus 
(III) 

1 

7 

12 


. Giiewau 
(IVJ 


4 3 


1 


8 8 


6 


4 9 


13 



These data are perhaps of the greatest interest, since they refer to 
comparatively small areas several thousand acres in extent, with more 
or less uniform soil and climatic conditions ; yet even these figures have 
only a relative value, since there is no assurance that these results were 
obtained in stands similar as to age, composition, density, and exposure. 
The remarkable and impartial analysis by Professor Schwappach of the 
vast material yielded, of course, interesting general conclusions regarding 
seed productivity of nine species. On account, however, of the unscien- 
tific method of gathering the data and their extreme heterogeneity, this 
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enormous undertaking of the Prussian Experiment Station advanced the 
question of seed production very little. It proved, however, the need of 
another method of investigation — namely, that of accurate experimental 
research. Geyer gave an appropriate estimate of this work when he 
said: "In attempting such general conclusions regarding seed production 
over large areas, it is impossible to solve the physiological problem of 
the periodicity of seed years, because the age, the soil, the character of 
the stand, etc., are not taken into account in such conclusions.^^ 

Two years after Schwappach's work. Professor Wimmenauer, of Gies- 
sen University, published the main results of ten years' forest pheno- 
logical observations in Germany for the period between 1885 and 1894. 
These observations were made in accordance with a program worked out 
and approved by the Union of German Experiment Stations. In this 
work, from 218 to 260 experiment stations, which were distributed over 
Germany in the following manner, took part each year : 

Baden from 21-28 stations. 

Braunschsvelg from 10-16 stations. 

Alsace-Lorraine from 18-20 stations. 

Grand Duliedom Hesse from 32-45 stations. 

Prussia from 100-105 stations. 

Tlitiringen from 14-32 stations. 

Wiirtemburg from 3-35 stations. 

In this plan observations upon the chief phases of development of 
those plants and animals which play any part in forest or farm manage- 
ment were included. The seed production was determined for mature 
trees selected by each station for daily observations and the degree of 
seed productivity was expressed by the words prolific, fair, and poor. 
Besides this, notes were made only as to whether all or only a few indi- 
viduals were bearing seed. Together with these observations, each station 
supplied brief meteorological facts which affected more or less the devel- 
opment and maturing of the seed (for instance, the occurrence of late 
or early frosts). The observations covered thirteen principal forest 
trees. Computing the data which were obtained during these ten years 
of observations, Wimmenauer, like Schwappach, gave a numerical ex- 
pression for the three degrees of seed production, designating the prolific 
bearing or full seed year as 1, the fair seed year as f , the poor seed year 
as 4, and finally the failure as 0. The determination of the average seed 
production of each year for the different species was obtained in the fol- 
lowing manner: the total number of stations which reported seed crops 
were divided into four groups in accordance with the amount of seed 
produced, and each of these four figures were multiplied by its coefficient 
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of seed production — namely, 1, S, 4, or 0. The number of stations of 
each class was expressed as a per cent of the total. The sum of these 
products expressed the average seed production of tlie whole region ; thus, 
for instance, in 1885 the following reports were made regarding the seed 
production of Norway spruce: 

12 per cent of aU the stations reported a fuH seed year. 
32 per cent of aU the stations reported a fair seed year. 
47 per cent of all the stations reported a poor seed year. 
9 per cent of all the stations reported a complete failure. 

Multiply these figures by their corresponding coefficient, we arrive at 
the following results: 

0.12 X 1 = 0.12 
0.32 X § = 0.213 
0.47 X * = 0.157 
0.09 X = 0.0 



Total = 0.490 

Thus in 1885 the average seed production of spruce for the entire 
region was equal to 0.49 — that is, almost one-half of a full seed year. 
This is the average seed production for one year. In order to obtain the 
average for the ten-year period it is necessary to add the average seed 
productions for each of the ten years and divide the sum by ten. By 
means of such computation Wimmenauer obtained the following figures, 
which express the average seed production for all stations at which the 
observations were made: 

Average Seed Production, 



No. 



Speoies. 



Maximum. 



Minimum. 



Average. 



AccordiuK to 

Schwappftcli for 

Prussia. 



1 
2 

3 
4 
5 

6 

7 
8 

9 
10 
11 
12 
13 



Beech 

Oak 

White pine 

Larch 

Elm 

Scotch pine 

Silver fir 

Norway and sycamore 

maples 

Norway spruce 

Ash 

Alder 

Birch 

Homheam 



0.90 
0.64 
0.56 
0.45 
0.59 
0.50 
0.63 

0.75? 
0.60 
0.63 
0.61 
0.71 
0.79 



0.02 
0.13 
0.15 
0.18 
0.24 
0.30 
0.16 

0.20 
0.23 
0.24 
0.38 
0.37 
0.26 



0.25 
0.29 
0.29 
0.31 
0.38 
0.39 
0.39 

0.44 
0.45 
0.46 
0.50 
0.54 
0.54 



0.16 
0.17 



0.38 
0.35 



0.37 
0.33 
0.40 
0.45 
0.42 
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The thirteen species are arranged in the order of seed production. 
We see that beech and oak bear the least seed and birch and hornbeam 
the most. The range of extremes is greatest in beech and oak; thus in 
1888 beech almost everywhere produced a full seed crop — 90 per cent; 
in 1891 the average seed production fell to the minimum — 2 per cent. 
The seed production of oak ranges within considerably smaller limits, 
and even in the poorest seed years does not fall below 0.13 of a full seed 
year. This shows that each year in the region under consideration oak 
produces here and there considerable mast. 

Comparing the average seed production obtained by Wintmenauer's 
observations with that computed by Schwappach, we find for most of the 
species a complete analogy. The only difference is that Wimmenauer's 
coefficients of seed production are considerably higher than those com- 
puted by Schwappach. This, however, is to be expected, since Schwap- 
pachas observations cover Prussia only, while those of Wimmenauer in- 
clude also the southern part of Germany. 

These works of the Prussian and the Southern Germany Experiment 
Stations complete the first cycle in the history of the question of seed 
production. This period of observation which is characterized by the 
accumulation of fragmentary data regarding seed production or of sta- 
tistical data concerning whole regions did not establish any accurate facts 
which would throw light upon the nature of this complicated process in 
the life of the forest. 

In 1881, a year of exceptional seed production, Kienitz* actually 
counted on three pines which stood by themselves, and on 42 other trees 
which formed a stand of about one-sixth of an acre, the number of cones, 
and even determined the amount of seed in them. This little investigar 
tion, while it stands by itself, marks a new departure in the study of 
seed production. 

The credit, however, for approaching the problem in a thoroughly 
scientific manner belongs to Eussian foresters, especially Ogievsky and 
Sobichevsky. Ogievsk}' was the first to introduce a new method of 
studying this problem. In 1895 he undertook systematic investigations 
of the seed production of Scotch pine in the central provinces of Kussia. 
The object of his investigation was to determine how often and how large 
were the seed crops of Scotch pine and what factors determine its seed 
production. The method of investigation consisted in actually counting 
the one and two year old cones of Scotch pine on five intermediate trees 
(Class III — Kraft's classification). As a result of this investigation he 
obtained the average number of two-year-old cones per tree, and advanced 



* Zeitsclirif t ftir Forst- und Jagdwesen, 1881. 
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the. theory of the direct relation between seed crops and precipitation. 
Ogievsky, however, studied the seed production of individual trees, and 
not of whole stands. Furthermore, his method consisted in counting the 
number of cones, and not in determining the quantity of germinable 
seed. Several other Russian foresters have attempted the study of seed 
production along the lines indicated by Ogievsky. A really scientific 
plan, however, for this study has been made out by Sobichevsky, professor 
of the St. Petersburg Forest Institute. 

The Method of Investigation 

In the study of seed production the first thing to determine is the 
standard by which to measure the seed crop from year to year. The 
periodicity of seed crops cannot be established unless there is an accurate 
standard for measuring seed production. The production of seed in for- 
est trees is not a function of an individual tree, but is really the function 
of the whole stand, since the development and the life processes of each 
tree in the stand is determined by the density, composition, and age of 
the stand and by the position of the tree in the stand. Therefore, in 
determining the amount of the seed crop, the quantity of seed produced 
per unit of area and not the amount produced by individual trees should 
be made the basis of measurement. Further, the cone production cannot 
alone serve as a basis for measuring the seed crop. The seed production 
must be measured not by the quantity of cones but by the amount of 
seed paroduced, because the final aim in the study of seed crops is not the 
cones but the seed. The quantity of seed, therefore, viz., its germina- 
bility, must be taken into consideration. Two stands may produce on an 
average different quantities of cones per tree, yet the stand in which the 
average number of cones per tree is the smaller may furnish more germi- 
nable seed than the stand in wliich the average number of cones per tree 
is the larger. Ungerminable seed are biologically nothing but impurities, 
and it would therefore be a mistake not to leave them out of considera- 
tion in determining the amount of seed production. Thus in the deter- 
minatioin of seed crops there enter three conditions: (1) The determina- 
tion of seed production for the stand per unit of area and not for in- 
dividual trees; (2) the determination of the quantity of seed, and (3) 
the determination of the principal quality — ^germinability. The weight 
of germinable seed per unit of area must be accepted as the standard for 
measuring seed crops. If "a'' is the weight of pure air-dried seed ob- 
tained from one acre and "p" is their germination per cent, then the seed 
nrop^ or "a;/' may be expressed by the formula "a: = apT 
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Since the aim is to determine the amount of seed produced per certain 
unit of area, the best method of studying seed production is by means of 
sample areas. These areas may l)e from one-quarter of an acre to one- 
half of an acre in extent, in accordance with the number of trees per 
acre. Each sample area, however, should include at least 100 trees of 
the principal species composing the stand. 

It would, of course, be more accurate to gather cones and obtain the 
seed from all of the trees on the sample area. This, however, would 
necessitate the cutting down of the trees, which is not always practicable 
nor possible. Moreover, this operation would require a great deal of 
time, which would make such an investigation difficult. For this reason 
it is preferable to collect the cones and extract the seed only from sample 
trees. 

It is a well-established fact that light is a necessary condition for seed 
production, and daily observations show that the greater the amount of 
light received by the tree the more developed is its crown and the greater 
is the amount of seed produced by it. It may be already accepted a priori 
that individual trees in a stand do not produce equal amounts of seed, 
but vary in accordance with their crown development. For this reason it 
is necessary to select the sample trees in a special manner most suitable 
for the purpose of this investigation. In the selection of the sample trees 
one must be guided by the form and development of the crown of the 
individual tree. In the different species the different parts of the crown 
have varying importance; thus in spruce the upper part of the crown is 
of the most importance, since it is there that the largest number of cones 
are developed; in other species it may be the extremities of the largest 
lower branches. 

In order that the amount of seed obtained from the sample trees 
should, when multiplied by the total number of trees on the sample plot, 
actually represent the amount produced on the sample plot, the sample 
trees must include representatives of all groups of trees which differ in 
any way in their crown development. With this end in view, all the trees 
on the sample plot are tallied, their diameters measured, and they are 
divided into groups in accordance with their crown development. From 
these groups the sample trees are selected. As a basis for dividing the 
trees into groups in accordance with their crown development the ordi- 
nary classification of trees into dominant (I), codominant (II), inter- 
mediate (III), oppressed (IV), and suppressed (V) may be accepted. 
Since, however, codominant and intermediate trees may still differ greatly 
in crown development, these two classes may be further subdivided and 
designated by the letters a, h, c, and d. In this way there may be from 
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seven to ten classes or groups of trees, each group including trees which 
appear to have a more or less uniform crown development. 

At the time the trees are measured and divided into groups notes are 
made on each one as to whether or not it is bearing cones. These data, 
which are very interesting in themselves, become absolutely essential in 
case of partial seed production, when not all of the trees bear cones. The 
division of trees into groups, with notes regarding the presence or absence 
of cones on them, forms the most difficult and tedious part of the work in 
laying out such sample plots. The investigator must very carefully look 
over each crown from all sides and must distinctly keep the habitus of 
the crown in mind so that he can place it in the right group. This work 
is especially difficult in laying out the first sample plot, but after some 
practice, when the observer has clearly impressed upon his mind the 
typical forms of crowns which occur most frequently in stands of the 
same species, his work becomes much easier. Experience has taught that 
in order to avoid errors in dividing the trees into groups the total number 
on the sample plot must not exceed 100. The size of the sample plot will 
depend, therefore, upon the age, density, and composition of the stand. 

The enumeration of the trees may be made by marking each tree with 
white paper tags and the record kept on a form similar to the one given 
below : 

DiamPtPr Cones. 

No. D "meter, (.,,,, KT,Z' + 

Absent — 

1 25 Ilia 4- 

1 13 V — 

Aspen 27 

When in a mixed stand a tree of secondary species occurs its name 
should be given in the first column, but columns 3 and 4 left blank. 
When all the trees are tallied, the number in each class is computed and 
from each class sample trees are selected. The per cent of sample trees 
to the total number of trees must be decided beforehand. For ordinary 
investigations 10 per cent of the total number of trees on the sample 
plot may be sufficient. For more intensive investigations, however, a 
larger per cent of sample trees should be taken. This, of course, will 
considerably increase all subsequent computations. 

The more carefully the division intq classes is done and the more uni- 
form the crowns of each class the easier it is to select the sample trees. 
To facilitate the work it is advisable to select sample trees separately for 
each class — that is, first to look over the trees — for instance of Class I, 
and select sample trees for this class, then take up the next class of trees, 
and so on. 
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When not all trees in the stand are bearing cones, the ones which do 
bear cones are selected as sample trees, and, in determining the amount 
of seed production, the per cent of seed-bearing trees for each group is 
taken into account. 

The sample trees are felled, care being taken in felling them that they 
do not touch the crowns of other trees and thus knock off their own cones 
or those of other trees. From the felled sample trees all the cones are 
gathered very carefully, those which still hang on the branches as well as 
those which were knocked off in felling the tree. It is necessary to avoid 
collecting cones which were knocked off from other trees. This can often 
be very readily accomplished, since the cones of each tree differ in size 
and form, a fact which is especially true in the case of spruce. The cones 
gathered from each sample tree are put in separate sacks, properly 
labeled, and after being slightly dried at an ordinary room temperature 
are subjected to further investigation. 

The total height, age, and health of each of the sample trees is deter- 
mined, the number of cones from each counted, their length measured, 
and their volume and green weight determined. The cones are then 
dried and the seed extracted. Coniferous tree seed are separated from 
their wings, cleaned, and weighed. J f there is any foreign matter present 
its per cent is determined by weighing several grams of the sample, then 
cleaning it of all foreign matter and reweighing. The difference between 
the two weights is used to calculate the per cent of foreign matter by 
weight in the sample. After the seed are cleaned, 200 are taken, their 
weight determined to 1/100 of a gram, and are then subjected to a ger- 
mination test. After the germination per cent is determined, all data 
necessary for determining the amount of seed per unit of area — for in- 
stance, an acre — are at hand by means of the formula ''x = ap," The 
following are forms for keeping a record of all the data and the final 
results obtained. These tables at the same time indicate the differ- 
ent consecutive stages in the study of seed production and furnish, so 
far as we know, the first comprehensive plan for measuring the seed crop. 
The measurement of the seed crop, as has already been pointed out, lies 
at the foundation of the entire problem of seed production. 
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BETTER METHODS OF FIRE CONTROL 

BY W. B. GREELEY 

(Oontrihuted) 

The general fire-protection organization of the Forest Service is so 
well understood that it is unnecessary to attempt a comprehensive de- 
scription of its field force and methods. It will be of greater value to 
discuss a few specific points whidi have been emphasized by personal 
experience and which may indicate some ways in which the present fire- 
control system of the Service can be strengthened. These have been 
grouped, for convenience, under headings which are somewhat descrip- 
tive of the relation of the suggestions offered to the entire scheme of fire 
protection. 

Patrol 

The patrol force which each National Forest should carry, and its 
intensity as between different Forests, must be determined by a close 
analysis (1) of the relative values of the property at stake and (2) of 
the relative fire hazard. A calculation of the relative values of the 
property to be protected is fundamental to an intelligent distribution of 
the patrol force. Obviously a fire in brush or grass lands is of insignifi- 
cant importance as compared with one in heavy stands of timber. A dis- 
tinction less frequently considered is the relative value of different stands 
of timber and of stands of immature or young growth in relatively acces- 
sible locations as against over-ripe stands in such inaccessible districts 
that their utilization during the period of merchantability is questionable. 

The calculation of relative fire hazard is analogous to the rating of 
insurance premiums on various classes of city property, and should be 
no less exhaustive. It must consider not only the comparative risk on 
different Forest areas due to local causes of fire, but also the relative 
inflammability of the various forest types, the amount of inflammable 
material on the ground, the presence or absence of natural fire-breaks, 
the conditions as to ease of access and travel, and ease or difficulty in 
securing emergency help. 

An analysis of relative values and relative fire hazard in District 1 has 
resulted in the assignment of patrolmen to the open Forests east of the 
Continental Divide in central Montana and to the denser Forests of west- 
ern Montana and northern Idaho, in the general ratio of 1 to 3. 
Provision was first made for all purely administrative work on the re- 

(153) 
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spective Forests on the basis of the number of days of ranger labor 
required to handle current timber sales, grazing, lands work, and other 
business, and the remaining funds allotted for patrol on the basis of 
acreage. It was then possible to use approximately 50,000 acres as the 
patrol unit west of the Divide for the four months^ fire season, and 
approximately 150,000 acres as the unit on the more open Forests, with 
less valuable stands of timber, east of the Divide. 

On the individual Forest, the most essential point is the careful plac- 
ing of the patrolmen available in reference to the relative fire danger. 
A close analysis of the causes and tocation of fires during preceding 
seasons is necessary to this end. In District 1, for example, with 86 
per cent of M fires during the summer of 1910 originating along rail- 
road tracks, it is obvious that an intensive railroad patrol is the first 
essential. This was maintained on the basis of one patrolman for every 
three to fifteen miles of track, depending upon the amount of traffic, the 
grade, and condition of the right of way. Nearly all of the rail"way 
patrolmen were equipped with velocipede or bicycle speeders, carrying 
a shovel, axe, mattock, and collapsible canvas bucket. As conditions 
became more serious last summer, it became necessary in many localities 
to increase the railway patrol to a point where every individual train 
could be followed. The wisdom of a railway patrol so intensive in char- 
acter was demonstrated by the season^s showing of over 95 per cent of 
the 1,300 railway fires extinguished without damage. No other expend- 
iture for protection work netted an equal return in actual results. 

Next to fires which originate from one cause or another along railway 
tracks, the causes of fires which should be considered in the location and 
organization of patrol may be grouped into two main classes. The first 
are fires originating in and near settlements from slash burning, logging 
operations, saw-mills and the like, which can, as a rule, be most effect- 
ively guarded against by a patrol of the valleys following well-defined 
beats. The second class consists of fires originating in the higher and 
less accessible country, from lightning, campers, and the like. Patrol 
as a protection against such fires can usually be conducted most effectively 
from a system of correlated lookout points. 

Taking the typical National Forest in the northern Rockies, the most 
practicable patrol system which has been developed as a result of cumu- 
lative experience is a combination of — 

1. Very intensive patrol of railway tracks. 

2. Beat patrol of settled valleys and localities in which timber opera- 
tions are being conducted, and 

3. Lookout patrol along the higher points in the interior districts. 
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Any patrol organization must be sufficiently flexible to make possible 
prompt adaptation to an emergency or to changed conditions which 
may occur during the season. A few fires may make the atmosphere so 
smoky that nothing can be accomplished from lookout points, and all 
available men can be used to best advantage in patrolling valleys or other 
definite beats. Concentration of the patrol force in certain localities 
which prove to be of peculiar danger often becomes necessary. A quick 
expansion in the patrol force to meet the emergency arising from con- 
tinued fire danger of an exceptional character should be possible. All 
of these things should be provided for as far as possible — first, in the 
organization of the patrol force by definite districts and the giving of 
adequate authority to the district ranger to adapt the patrol conducted 
by his men to the changing exigencies of the season; and, second, by 
providing a reserve patrol force which can be swung into action when 
emergency requires. This is discussed under ^^Emergency Help.'^ 

My experience has shown that a patrol force which seems adequate on 
paper is often insufficient in the field as a fire-preventing organization, 
due usually to two causes: The first is the diversion of patrolmen to 
administrative work under the pressure to which supervisors are often 
subjected to keep pace with an increasing volume of timber sales, uses, 
or settlements with a limited force. This is a situation which can be 
met only by very careful study of the administrative needs of the Forest 
during all seasons of the year and a close holding of expenditures for the 
administrative force down to the actual needs of the Forest at all 
seasons, so as to provide funds during the fire months for an adequate 
patrol force which will form the foundation of the whole protection 
system and whose strength will at no time be impaired by drafts for 
administrative work. The second common defect is the frequent break- 
ing of the continuity of the patrol by the fact that when patrolmen indi- 
vidually subsist themselves they must leave their districts from time to 
time to procure supplies. While this condition can be and has been 
met by many supervisors through reasonable restrictions . as to the 
amount of the supplies which each patrolman is required to procure at 
one time, particularly at the beginning of the season, frequency of ab- 
sences from the lookout point or district and the conditions under which 
they will be permitted, T believe that the system is fundamentally wrong 
as a basis for the most efficient type of patrol organization. The remedy 
which I suggest is the appointment of patrolmen with subsistence fur- 
nished by the Government, the men to be stationed at the points where 
needed without break during the fire season, and food supplies purchased 
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by the Service in bulk under the most favorable conditions as regards 
competition, and distributed to patrol stations by a Service pack train if 
needed. The fundamental advantage of this plan is that it keeps the 
patrolmen always on tha job; the man whom the fire plan shows to be 
on a certain ridge is actually on that ridge the morning after a bad 
lightning storm, not at a foothill settlement forty miles away rustling 
grub. 

Communication 

It is unnecessary to dwell .upon the general inadequacy of the trail 
and telephone systems at present completed on the National Forests. 
In the heavily timbered portions of District 1 we have today in the 
average township 3.6 miles of completed trails and .6 mile of completed 
telephone lines. The annual increase in the mileage of trails per town- 
ship under permanent improvement appropriations is 1.2, of telephone 
lines 1.75 ; and all this in a region where a large proportion of the Na- 
tional Forests are very inaccessible from railroads and settlements. 
What this actually means in the protection of densely-forested districts 
is readily apparent to any one familiar with the habits of a forest fire in 
a wilderness beyond the restraints of law or society. It took a ranger, 
traveling on foot last summer with a pack on his back, two days to reach 
one of the lightning fires near the Bitterroot Divide from the time when 
he sighted it. It was then beyond his control. Two dajs were required 
to reach the nearest settlement, one day in getting men, tools, supplies, 
and pack train together, and four days in opening the simplest and 
roughest kind of a trail to get the outfit in to the fire — nine days^ start 
for the fire, although discovered within probably three hours after its 
inception, after a five-month drought, and with a high wind blowing 
every other afternoon ! 

In view of the inadequacy of our present trails and telephone lines, 
the general policy which seems to me advisable is to first establish a 
preliminary system of communication by the construction of rough 
trails, rather than standard trails, and by the laying of light portable 
telephone wires, rather than the erection of permanent pole lines. Trails 
of this character should be carefully located, so that the route will be 
permanent, but only an absolute minimum amount of work done in 
clearing and grading to make them passable for pack animals. In the 
heavily timbered areas of District 1 this means a cost of $25 to $40 per 
mile, or one-third of the cost of a standard trail. Such ^^shotgun" trails 
may provoke the wrath of the tourist or inspector, but this policy is, in 
my judgment, essential until a primary communication system has given 
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US a grip upon the fire situation much stronger than we now hold. 
Thereafter, wherever future traffic and administrative needs require, 
such trails can be gradually improved and brought up to standard. 

The type of telephone equipment which, in my judgment, is best 
adapted to our immediate needs is about a No. 20 B. & S. gauge copper 
wire with a light insulation, similar to that used by the Signal Corps of 
the army. This wire should weigh not over twenty-five pounds to the 
mile, and should be sufficiently flexible to be readily unreeled, laid on 
the ground, and reeled again when desirable. Its resistance should be 
low enough to render it serviceable up to seventy-five or eighty miles, 
either as a separate grounded system or when attached to a galvanized 
iron pole line. Such a wire can be laid directly on the ground, estab- 
lishing a very cheap and rapid means of communication from lookout 
stations, reporting stations on patrol routes, ranger camps, and the like. 
It can be similarly used to connect a fire camp with the nearest base of 
supplies or telephone line, resulting in much better control of the fire 
campaign by the Supervisor or district ranger, and in greater efficiency 
in the actual work done. Standard telephone instruments can be used 
with this wire, but a portable instrument somewhat lighter and more 
compact than the present test set in use by the Service would be ex- 
tremely desirable. Experiments are now under way to develop the best 
practicable instrument of this character for our use. 

Transportation 

In my judgment, a well-organized system of transportation, either 
owned by the Service or under its direct control, is just as essential a 
part of an effective fire-fighting machine as a strong patrol force or a 
well-developed system of communication. In inaccessible regions, par- 
ticularly where horses are difficult to secure in an emergency and where 
hired stock at best is a scarcity, a thoroughly effective fire controlling 
and fighting organization is impossible without a transportation system 
always available for throwing into use the moment it is needed. This 
belief has been emphasized by certain bitter experiences of my own and 
of my associates in which organized attacks upon bad fires have been 
delayed two or three, or even four, days of frantic searching for four or 
five pack horses. This difficulty is a very present one in the western 
portion of District 1, which is a region of timber and lumbering, not 
of stock ranches, and where, in consequence, pack horses have been ex- 
ceedingly difficult to obtain on short notice. My District, with its one 
hundred and thirteen horses, has been accused of going into the live- 
stock business, and has even been classified as a Class B owner under 
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the grazing regulations. The ownership, however, of permanent pack 
trains on such Forests as the Flathead, Clearwater, and Kaniksu — 
trains of from four to twelve horses each on different portions of lliese 
Forests, used regularly on improvement work and to supply tlie patrol 
force with subsistence, but available for fire work whenever needed — 
has been found to be the only practicable solution of our problem. 

We cannot, of course, maintain a transportation system equal to ex- 
ceptional emergencies such as that which confronted the District last 
summer. As the serious fire situation developed in July and August, one 
of the greatest difficulties encountered in effective attacks upon the large 
fires was in securing adequate transportation facilities. I had agents 
scouring the country in every direction, and brought over three hundred 
pack horses into service. Toward the end of the season an additional 
two hundred horses were held in pasture near Missoula, to be drawn 
upon as the latest exigencies might require. While it would be out of 
the question to maintain a pack-train system which could cope with a 
repetition of the emergency of 1910, it is my belief that each Forest in 
the inaccessible districts where the securing of local animals is extremely 
difficult should have a pack train equal to any ordinary fire season. 

Emergency Help 

The problem of emergency help is, in my experience, the hardest of 
all to solve satisfactorily in building up an efficient fire organization. 
Emergency help is needed for additional patrolmen whenever excep- 
tional conditions bring about a much larger number of incipient fires 
than usual, for crew foremen competent to direct bodies of fire fighters 
when the number of fires to be fought makes it impossible to place an 
experienced Forest ranger in charge of each crew, and for fire fighters 
to do the grilling work with mattock and shovel. The latter, in my 
experience, has been the easiest to secure. The serious problem in a 
bad fire situation is to get competent men to strengthen the patrol force 
and direct the fire-fighting crews. The situation which developed in 
District 1 last season was most critical in this respect. Owing to the 
previous drought and frequent high winds, incipient fires were starting 
all over the District at a rate which baffled all previous experience and 
the capacity of a patrol force which had been fairly adequate during the 
two preceding seasons. More large fires were getting beyond control 
every day, and had to be fought with organized crews, often three or 
four distinct crews being needed on each fire. At one time there were 
seventeen large fires on the Cabinet Forest, with from two to four crews 
at work on each. There were over twenty large fires for a considerable 
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period on the Coeur d'Alene. Men had to be drawn from the patrol 
force to direct the fire-fighting crews, and yet that meant a dangerous 
weakening of the patrol organization. At the same time the placing of 
inexperienced men in charge of fire-fighting crews was almost equally 
dangerous. 

To meet this situation three general lines of action have been worked 
out in District 1, at least two of which are common to all of the National 
Forest Districts. These are the transfer of rangers to critical areas 
from Forests where the danger is less acute; the correlation of improve- 
ment and reconnaissance work with the protection organization by locat- 
ing improvement and reconnaissance crews, as far as practicable, in the 
more dangerous districts during the fire season, and the appointment of 
local Forest guards on a per diem basis, to be used only in emergency 
and paid for the time actually engaged on patrol or fire-fighting work. 
The last named plan is a departure from the present fire-fighting organ- 
ization of the Service which appears to me to promise a tremendous 
strengthening of our efficiency. Under it per diem guards would be 
appointed from the better class of settlers, logging contractors, and mine 
foremen — any local residents whose occupation keeps them in or near 
National Forest areas. These men should perform auxiliary fire patrol 
at all times, putting out any fires which they discover or reporting them 
to the District officer, and receiving remuneration for any time actually 
spent in such duties. They should be swimg into action in an emer- 
gency to strengthen the regular patrol or to take charge of fire-fighting 
crews. As far as practicable, men should be selected — such as logging 
contractors or mine or ranch foremen — ^who control other men and can 
thus furnish fire crews immediately if needed. In this way I believe 
it will be possible to build up a reserve fire-fighting and patrol force 
consisting of men many of whom could not, because of more remunera- 
tive employment elsewhere, be employed regularly as Forest guards, but 
who are willing to associate themselves with the Forest Service in an 
emergency for help in this capacity. This may not be the final solution 
of the problem, but it is clear to me that the greatest need of the Service 
in perfecting its fire-fighting organization is some such scheme, as nearly 
automatic as possible, under which an adequate force of competent and 
reliable men can be swung into line for short periods of critical emer- 
gency. 

For temporary help in fighting fires where large crews are needed, I 
believe that serious consideration should be given by the Government to 
the use of Federal troops as a reserve force. My experience during the 
past summer demonstrated that the regular soldiers make good fire 
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fighters if they are made to feel that such work is a duty for which they 
are responsible and if they are given proper instruction and encourage- 
ment. My suggestion, in brief, is that a number of temporary outposts 
be established during the summer months at points within the National 
Forests where the troops will be readily accessible to a considerable area 
and especially where other forms of emergency help are hard to secure. 
A small force of soldiers should be stationed at each of these outposts, 
retaining their regular military organization and officered by their regu- 
lar superiors. During the season their detail at these outposts should be 
similar in its features to similar details now made by the army at estab- 
lished posts, including whatever military maneuvers, target practice, or 
other training is deemed expedient by the officers in charge. The officer 
in charge should, however, be under standing orders to furnish men up 
to the full number of his command whenever requested by the Forest 
supervisor or other authorized representative of the Service for assist- 
ance during fire emergencies. This would be usually in the form of 
actual fire fighting, but might take the form of additional patrol if ad- 
visable under local conditions. Under some plan similar in its general 
features I believe that it is possible both to materially strengthen the 
fire organization of the Forest Service and also to give the troops train- 
ing in handling themselves in the mountains, which would be of value 
from a purely military standpoint. 

Otherwise the only suggestion I have to offer on the employment of 
laborers for fire fighting is the desirability, when it is realized that a bad 
situation which will require the continuous employment of large num- 
bers of men is on hand, of stationing Forest officers at the available 
labor centers to do nothing but get in touch with employment agencies 
and other channels for securing help, select men, and furnish crews of 
the size desired upon requests from the supervisors who can best be sup- 
plied from that point. The situation which developed in District 1 last 
summer quickly exhausted the customary local sources of temporary 
help. Toward the end of the season we had to keep over three thousand 
temporary men continuously employed on the various fire crews. I early 
found it necessary to station representatives of the Forest Service at 
Butte and Spokane, besides Missoula and Kalispell, to do nothing but 
line up men and food and tool supplies and fill orders received from the 
various supervisors. I found that by keeping agents of the Service 
continually at such points it was not only possible to secure men much 
more quickly than could otherwise be done, but also to secure a better 
class of men by getting in touch with the channels where the best type 
of workmen for our business could be secured. 



Digitized by VjOOQIC 



BETTER METHODS OF FIRE CONTROL 161 

Equipment 

The use of chemical apparatus and other specialized equipment and 
the development of a fire-break system are matters which 1 believe merit 
exhaustive study and experiment by the Service. I will not attempt to 
discuss them, since I have had no personal experience with either. One 
suggestion only will be offered. The purchase of wholesale quantities 
of staple food supplies in advance of the season and their storage at 
strategic points is, in my judgment, a very effective means of bettering 
the efficiency and economy of the fire-fighting organization of the Service. 
The purchase of food supplies for large fire-fighting crews in haste is 
always costly and usually involves delay in the organized attack upon 
the fire. If reasonable quantities of suitable supplies are purchased and 
stored at accessible points before the season begins, the delay is avoided 
and a saving of from ten to fifteen per cent on the cost of the goods 
effected under the much more advantageous terms which can be secured 
by competition. This was clearly demonstrated in District 1 last sum- 
mer, where a saving of twenty cents per day in the cost of subsisting 
each fire-fighting employee was effected on one of the National Forests 
as compared with other Forests in the same locality, by the purchase of 
quantities of food supplies in advance of the season. 

To put this plan upon the most rational basis I believe that it should 
be combined with the employment of a considerable number of Forest 
officers with subsistence furnished by the Government and a proportion- 
ate reduction in salary. Staple foodstuffs sufficient to subsist the men 
employed under these conditions during the season can then be pur- 
chased and stored in advance. If an emergency occurs thesei^ood sup- 
plies are available; if no emergency occurs they will be consumed grad- 
ually during the season by the regular employees without the loss result- 
ing from forced sales or the deterioration incident to holding any portion 
of them over into the succeeding season. 

Fire-fighting Organization 

From the point of view of its preparedness for a serious fire emer- 
gency, I believe that the greatest weakness in our present system is that 
the most experienced and capable Forest officers are required to give a 
wholly undue portion of their time to the duties of a quartermaster in- 
stead of to the actual direction of fire-fighting work on the ground. The 
supervisors, deputy supervisors, even the District rangers under the 
conditions existing last summer, were kept at engaging men, filling 
orders for groceries and tools, shipping supplies, meeting trains, keep- 
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ing time, checking foodstuffs and other shipments, approving accounts, 
hiring teams and pack horses and the like for a large share of their 
time, when they ought to have been free for giving their strength and 
effort and thought to the work on the fires. It is like making the gen- 
eral in Command of a military campaign his own quartermaster and re- 
cruiting oflScer. 

We tried to meet this condition by sending out auditors from the 
Fiscal Agent's office to prepare and handle accounts in the field; by 
draining the District Office of clerks, draughtsmen, and other employees 
down to messengers, for timekeepers, shipping clerks, and men to take 
charge of the transportation of fire crews in the field, and by using 
supervisors* clerks and guards and other Forest officers less experienced 
in fire work for the general quartermaster's duties, filling their places in 
turn with less experienced temporary employees. This is a problem 
which demands thorough study and systematization. It can be solved 
largely by the improved standard of clerks which are being secured for 
supervisors' offices — ^just the men who should in a fire emergency jump 
right into the duties of a quartermaster. If the clerk is not competent 
for such work, I believe it would be advisable to train up some other 
member of the force, even a ranger or guard, in the methods of ordering 
supplies, checking shipments, and preparing accounts in the supervisor's 
office sufficiently to be able to assume these duties at any point in a fire 
campaign. 

Action along these lines is, I believe, in accord with the principles of 
"scientific management," since it aims to bring the best brains and ex- 
perience of the Service to bear directly upon the actual work being done 
on the fire lines — the work which directly determines the efficiency of 
the whole organization as measured by its results. It aims to throw the 
routine duties, the sum total of whose results is simply to keep the 
machine oiled and fueled, upon competent subordinates. This means 
direct supervision on the ground instead of paper supervision from the 
supervisor's desk. 

I may have exaggerated this necessity from the vividness with which 
this defect was brought home to me during the exceptional and prolonged 
fire campaign which District 1 went through last summer. It was 
greatly aggravated at that time by the large number of men who had to 
be employed, the large number of fires to be fought, the large number of 
shipping points, and the enormous increase generally in all of the work 
involved in keeping the men on the fire line properly equipped and the 
routine features of their work provided for. Such as the conditions 
were I found that unavoidably a comparatively small proportion of the 
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time of the supervisors and deputies, and even of many of the District 
rangers, could be given to actual fire work. I found that the most 
effective way in which the members of the District office could help the 
local force was in assuming quartermaster's duties at some principal 
point. To be an effective fire-fighting organization, the Service should 
be able in an emergency, like the army, to throw into the field a definite 
quartermaster organization which will leave our best men comparatively 
free for the direction of the actual field work. 

A brief sketch of what to my mind constitutes an ideal fire-fighting 
organization may be in place. Let us take first the ranger district. 
Each District, with its force of patrolmen, its own equipment of tool 
caches and staple food supplies, its pack train — ^if one is needed — ^its re- 
serve force to draw upon in the form of per diem guards or a detachment 
of troops or a string of settlers or lumber camps, and a responsible dis- 
trict ranger in charge, with an assistant who can, if need be, act as quar- 
termaster, should be an independent fire protection unit, dependent upon 
outside help only under exceptional conditions. This is the ideal which 
should be worked towards. I do not feel that the Service will be an 
effective fire-fighting organization until this ideal is reached, since a 
tremendous loss always occurs whenever an attack upon a fire must wait 
for men and supplies from an outside source. 

Taking the next unit, the National Forest, there should be available 
for each supervisor either a clerk or a trained ranger or guard, who can 
act as quartermaster for the Forest whenever the need occurs. The ex- 
ecutive staff of the Forest, consisting of the supervisor, his deputy, 
forest assistant, and other officers not attached to districts, should be 
very largely foot-loose for field work, directing the foremen of the fire 
crews, taking hold wherever special assistance is needed and directing 
the district rangers in adapting their patrol force to the latest exigencies 
developed by the situation. Either the supervisor or his deputy must 
keep in sufficiently close touch with headquarters to learn quickly of 
new developments in the situation — ^fires in other quarters and the like — 
but this should seldom require him to remain continuously for any 
length of time at the office. His best work can be done by directing the 
work on the larger fires, the location of trenches, the use of back-firing, 
the size of the force employed, whether too weak or unnecessarily large, 
and the like. It is just this service which the most experienced and 
capable men on each Forest should render during a fire emergency, and 
it is just this which determines the cost of fighting fires and the effect- 
iveness of the work done in protecting the Government property at stake. 
While the details must be left to district rangers and foremen of fire 
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crews, periodic supervision from the supervisor or his deputy on the 
ground is essential to the best work. Many instances occurred last year 
where timely visits from the supervisor to the rangers in the field, a 
half da/s inspection of the lines, and a few concise instructions as to 
how the work could be more effectively handled meant success as against 
failure in bringing a bad fire under control. I feel it essential that the 
supervisors be in a position to do just this thing. 

The District force should resolve itself, during a fire emergency, into 
a crew of reserve quartermasters, foremen of fire-fighting crews, and the 
like, with one man always on the job at headquarters to keep in touch 
with the entire situation in the District, handle transfers of rangers be- 
tween Forests to make the entire force of the District available where 
most needed, and keep the general system up to its highest working effi- 
ciency. Otherwise all hands should be sent into the danger zone to take 
hold wherever they can help the supervisors best. Agents need to be 
placed at labor and supply points from which several different Forests 
can be equipped. The most effective help can often be rendered by re- 
lieving a supervisor at his office of other duties and enabling him to 
take hold of some of the worst fire situations in the field. As a rule, 
little can be accomplished at such times by inspection or supervision of 
the field work by the local officers. It is a time for the District men to 
take off their coats and take hold of any specific job which confronts 
them, however insignificant. 

A little consideration may be given with profit to the fire record of 
the Forest Service. For each one thousand acres under administration, 
2.86 acres were burned over during 1905, 1.2 acres during 1906, 1.4 
acres during 1907, 2.46 acres during 1908, 1.86 acres during 1909, and 
25.87 acres during 1910. These figures, of course, do not tell the whole 
story. They do not indicate how many fires have been put out or how 
many more acres would have been burned over but for the efforts of the 
Service. They do not, however, furnish any grounds for self-compla- 
cency. The annual burning of one acre out of every 1,000 under ad- 
ministration is a standard which we have not yet reached, but one which 
I feel should be the minimum with which we should be satisfied. Even 
this, if all the land burned over were productive timber land, would 
mean that on an average rotation of one hundred years ten per cent of 
the forest would be burned over once before reaching maturity. 

Aside from some of the suggestions which I have previously made, 
two general lines of action seem to me to be clearly needed in order to 
attain this standard of efficiency in fire control. The first of these is 
continued investigation of all the problems related to fire prevention 
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and extinguishment by experts who are free from all other duties and 
thus able to devote their time and efforts exclusively to this problem. 
This has been begun in two of the Districts. I would like to see one of 
the best men in every District prosecuting such investigations. The 
second line of action is also but an extension of what has already been 
done at many points, but which should, I believe, be enlarged and sys- 
tematized. This is the instruction of our field personnel in the best 
methods of fire fighting. Such instruction should be strongly empha- 
sized in the short Forestry courses given for rangers. I believe also that 
a comprehensive fire-fighting manual should be prepared which can be 
enlarged and revised from time to time, placed in the hands of every 
ranger and guard in the Service, and made a part of his duty to master 
thoroughly. Fire fighting is a matter of scientific management, just as 
much as silviculture or range improvement. No one recognizes more 
fully or heartily than I, and I am sure that no one has had occasion to 
recognize better than I, the character of the work done by the field men 
of the Service in fighting fires. I am convinced, however, that they and 
all of us have a deal to learn of this important problem, and that we 
should be taught in the same manner as the Service is teaching and 
training its personnel in other lines of work, viz: by expert investiga- 
tion and systematic instruction based upon the results of the investi- 
gation. 

Supervisor Adams, of the Ozark Forest, has set a splendid example 
of what may be accomplished by expert technical study of this problem, 
particularly in the development of chemical appliances for extinguish- 
ing fires. Every phase of the question should be studied in the same 
intensive manner, including possible "pyrecide" compounds, improved 
tools, improved methods of communication, fire breaks, and the like, and 
their results made directly available for the improvement of the fire 
plans on the respective National Forests and the instruction of the Forest 
personnel. 
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FIEE PEOBLEM ON THE FLORIDA NATIONAL FOREST 

BY I. P. ELDREDGE 
(Contributed) 

The Florida National Forest is unique among the National Forests of 
the country in its location, soil, climate, timber, population, and its prob- 
lems, and the general methods of management in use throughout the 
Forests of the West can be applied to it but seldom and then only with 
modifications. This difference is perhaps most clearly shown in the 
matter of fire protection. In order fully to appreciate the difficulties 
presented by the fire-protection problem on the Florida Forest, it is neces- 
sary to know something of the conditions found on the Forest. The 
Florida National Forest was formerly the Choctawhatchee and Ocala 
National Forests. This discussion concerns only the Choctawhatchee 
division of the Florida National Forest, an area of about 467,000 acres, 
situated in the extreme western arm of Florida, on Choctawhatchee Bay, 
Santa Rosa Sound, and East Bay, extending twenty to twenty-four miles 
into the interior. 

It is uniformly but not heavily timbered with longleaf and Cuban 
pine, with a heavy undergrowth of "blackjack'^ and turkey oak. The 
country is nearly level except for a few sandy ridges. It is extremely 
well watered by several rivers and many creeks and branches, all of 
which flow into arms of the Gulf of Mexico. The climate is almost semi- 
tropical, with long, hot summers and short, mild winters. There is an 
abundance of rainfall, which, however, is not evenly distributed through- 
out the year, since severe droughts occur in and sometimes last during 
March, April, and May, and again in October and November. The soil 
is almost uniformly a deep, white sand, with but little humus in it, and 
covered by weeds in which there is but little grass. 

Nearly 60 per cent of the area included within the Choctawhatchee 
Division is alienated and now owned by large naval stores companies. 
These alienated holdings occur as altern^fete sections, with the exception 
of a few locations in the southern part of the Forest, where there are 
several large, solid bodies of National Forest land. The timber owned 
by the naval stores companies is being exploited for turpentine as rapidly 
as possible and under the prevailing crude methods. As soon as the tim- 
ber is exhausted for turpentine it is turned over to the sawmill. 
(166) 
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The longleaf and Cuban pine, while not of the class best suited for 
saw timber, are of good quality for the production of naval stores, and 
the revenue derived from turpentine permits is the chief source of Forest 
income. The working plan prescribes the cupping of fourteen new sec- 
tions each year for the next ten years, and since each section is worked 
for at least fifteen years before it is exploited for saw timber, the areas 
being turpentined must be rigidly protected from damage by fire. The 
operator on private lands does this very successfully by raking around 
the cupped trees and burning annually in the winter. 

One of the most important factors in the fire problem is the population 
of the Forest. This consists of homesteaders, cattlemen, turpentine op- 
erators, and negro turpentine hands. The homesteaders and cattlemen 
are nearly all native Floridians of the "Cracker" type. They are people 
who have always lived in their own communities and who have had but 
little opportunity for advancement, because of the fact that they h^ve 
been out of touch with the world for many generations. Notwithstand- 
ing, however, the many disadvantages under which they live, they are a 
shrewd people, with many of the sturdy characteristics of the pioneers, 
and are susceptible of rapid development under proper educational 
treatment. 

The homesteaders and the smaller cattlemen are found all over the 
Forest, living in small, poorly appointed cabins, generally on homestead 
claims that were initiated before the creation of the Forest. They make 
a poor living by working in neighboring turpentine camps, by raising a 
few head of stock, and through the sale of their homesteads as soon as 
patent is received. The larger cattle holders who use the Forest reside 
outside of the Forest on small farms and are people of the same class but 
in better circumstances. 

The turpentine operators are as a rule men who have followed the 
constantly retreating naval stores industry through the Carolinas, Geor- 
gia, and Alabama. While men of ability, they are generally possessed of 
deep-seated prejudices in regard to the carrying on of their work, and 
the methods of turpentining now in vogue differ but little from those 
followed fifty years ago. When once converted, however, to any improve- 
ment they are quick to make use of it. 

The popular sentiment of the residents within the Forests, in common 
with nearly all of the people of the South, is unqualifiedly in favor of 
the annual burning over of the pineries. The homesteader and the cattle- 
man burn the woods to keep down the blackjack undergrowth and to 
better the cattle range. The turpentine operator burns over his woods 
annually, after raking around his boxed trees, and at a time when the 
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buming will do least harm, in order to protect his timber from the later 
burnings that are sure to occur. He burns also with the idea of keeping 
the turpentine orchards clear of undergrowth and free from snakes, in 
order that his negro laborers may gather the gum with ease and safety. 
The camp hunters, of whom there is a large number during the fall and 
winter months, set out fires in order to drive out game from the thickets. 
All of these different classes of people have for a great number of years 
been accustomed to buming the woods freely and without hindrance of 
any kind, and it is done without the knowledge or the feeling that they 
are breaking the laws or in any way doing damage. On the contrary, 
they all have the most positive belief that burning is necessary and best 
in the long run. 

The turpentine operator burns his woods and all other neighboring 
woods during the winter months, generally in December, January, or 
February. The cattleman sets fire during March, April, and May to 
such areas as the turpentine operator has left unburned. During the 
summer there are almost daily severe thunder-storms, and many forest 
fires are started by lightning. In the dry fall months hunters set fire to 
such "rough'^ places as may harbor game. It is only by chance that any 
area of uninclosed land escapes burning at least once in two years. 

Longleaf and Cuban pine apparently suffer but little, if any, from the 
light annual burning of the woods. Even seedlings as young as three 
years old appear to suffer no damage, although there is no doubt that 
younger seedlings seldom escape destruction, and the poor reproduction 
of pine is largely due to the frequent fires that keep the seedlings from 
getting a start. The undergrowth of oak is burned to the ground, but 
coppices so profusely that an annual buming is considered necessary to 
keep it down. The forage grasses are, of course, burned to the ground, 
but recuperate very rapidly and seem to suffer but very little. In fact, 
the stockmen claim and believe that the grass is much benefited by the 
light annual burning. 

When an area is left unburned or "rough" for several years, there ap- 
pears a rank undergrowth of scrub oak and grass with a heavy deposit of 
unrotted litter. When this "rough" is fired, the damage to seedlings, 
saplings, and even mature timber is very great, although the mature 
timber is seldom killed outright. Such a fire creates an intense heat, 
travels very rapidly, and is very difficult to control ; it destroys all seed- 
lings and saplings and kills the grass roots. 

In view of the universal belief of the Forest residents in annual bum- 
ing, because of the fact that the lands controlled by the turpentine oper- 
ators, which are burned over each year as a matter of business, lie as 
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alternate sections to Government land throughout the Forest, and because 
of the limited appropriation for fire protection, total fire protection for 
all the Forest lands seems out of the question at present. The cost would 
be enormous, for almost every section of Government land within the 
Forest is adjoined on its four sides by lands that are privately controlled 
and burned over as a matter of principle. This means that, roughly 
speaking, there are nearly eight hundred miles of fire front to fight dur- 
ing the winter ; it means that over two hundred sections of land must be 
patrolled during the early spring to keep the fires set by cattlemen from 
gaining headway; it means that each section must be patrolled all sum- 
mer to put out the fires that result from daily thunder-storms, and it 
means that every camper must be watched in order to prevent fires dur- 
ing the fall. The most disquieting part of the whole situation is that 
each year of protection from fire makes the fire danger greater, for 
should the woods be kept "rough^^ for six or eight years and then bum it 
would result in almost complete destruction. When lumbering begins, 
the fire danger will be greatly augmented because of the fact that the 
private lands scattered throughout the Forest will be logged over first 
and will be a constant menace to the adjoining Forest lands. I venture 
to say that a fire-patrol force of thirty men, well organized and equipped, 
employed the year round, would hardly assure complete protection, and 
as the years went by the constantly increasing fire danger would demand 
a larger foi ce. 

The advantages to be derived from complete fire protection are many : 
a better reproduction would be assured in the thin places; the soil would 
be greatly enriched by the addition of the decayed litter, and the timber 
would show better and faster growth. The disadvantages are : enormous 
cost, greatly increased damage whenever a fire occurs; the growth of a 
rank and worthless undergrowth of scrub oak and the choking out of the 
range grasses. 

If it is impossible to adopt a system that will assure complete and con- 
tinued fire protection, it will be necessary to inaugurate some system that 
will offer protection at least to cupped areas, cut-over areas, areas where 
natural reproduction is to be encouraged, planting areas, sample plots, 
and ranger stations. Such a system might be outlined as follows : After 
a thorough survey of the entire Forest, all areas that need protection 
from fire should be located and their boundaries marked. So far as is 
possible, these areas should be grouped in order that cost of protection 
may be reduced; for instance, planting areas, sample plots, areas where 
natural reproduction is to be encouraged, etc., should all be located ad- 
joining a cupped or logged-over compartment near a ranger station. 
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The entire group should then be surrounded by a plowed and burned 
fire line. At some advantageous point in or near the group a lookout 
tower, connected by telephone with the nearest ranger station, should be 
established, from which, during the season of greatest fire danger, a con- 
stant lookout may be maintained. In addition, during the entire year, 
rangers and guards should concentrate their fire patrol on the protected 
areas. The remainder of the Forest lands should be burned annually 
during the first of January, when the fires are easily controlled and are 
not at all dangerous. Uncontrolled or unauthorized burning of Forest 
land should not be allowed at any time. It will not be a difficult matter 
to obtain the hearty cooperation of most of the settlers within the Forest 
in carrying out such a plan as this. 

The cost of operating such a system of fire protection should be rela- 
tively small, since the permanent force will need but little additional aid, 
and that only during the winter season. Cheap labor can be employed 
in the watch-towers, and if the telephone system is an efficient one, plant- 
ing crews, men employed on permanent improvement, etc., may be 
quickly brought to a fire on the protected areas. One of the advantages 
of a system as outlined above is that it can be gradually extended, so that 
eventually, if need be, practically the whole Forest can be protected. 
This extension can proceed in harmony with increased receipts, change 
of public sentiment, and, best of all, with the silvicultural needs of the 
Forest. 
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WILLIAM RUSSELL DUDLEY. 

William Russell Dudley, associate member of the Society of American 
Foresters, and at one time Vice-President of the American Forestry 
Association, was bom on March 1, 1849, and died in California on June 
4, 1911. At the time of his death he was emeritus professor of botany 
in Stanford University. He was graduated from Cornell in 1874, with 
the degree of Bachelor of Science, and in 1876 received hig master's 
degree, after which he studied in Strassbnrg and Berlin. He was a 
charter member of the scientific honor society of Sigma Xi. His first 
teaching position was an instructorship in botany at Cornell. From 
1876 to 1892 he was assistant professor of botany at Cornell, except for 
one year, when he served as acting professor of botany in the University 
of Indiana. In 1892 Professor Dudley became professor of systematic 
botany at Stanford, and held that position until January, 1911, when 
failing health caused his retirement on the Carnegie Foundation as 
professor emeritus. 

His studies of trees brought him in contact with work in forestry, 
and he was for a time a collaborator of the Federal Forest Service. The 
conifers of California were his special delight, and he knew them more 
intimately perhaps than any other man. It was mainly through his 
efforts that the State of California was induced to purchase the forest 
of redwoods in the Big Basin of Santa Cruz County, and for several 
years Professor Dudley served on the board which controlled this park 
and during a portion of the time was secretary. He was a prominent 
member of the Sierra Club of California, and for several years its direc- 
tor, so that many of his papers were published in the Sierra Club Bulle- 
tin. He wrote several monographs on the forest trees of the Pacific 
slope which appeared in various journals and periodicals, many of them 
dealing with little known species. He worked for many years on an 
exhaustive study of the conifers of the West, but at his death the manu- 
script had not been completed. 

To those who knew Professor Dudley, however, the real sorrow at 
his death was not due so much to the loss of a laborer in the field of 
science, but to the passing of the man himself. Every one who came in 
contact with him respected and loved him, and no one could know him 
without recognizing his innate gentleness and the extreme refinement of 
his nature. He took a keen intellectual joy in his work, and imparted 
enthfisiasm and aspiration to all his students. 
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One episode at Stanford University shows the unique esteem in which 
h^ was held, and was a tribute to his gentleness and kindness. A pro- 
fessor in the university, a Russian, owned a beautiful and intelligent 
horse, of which he was passionately fond. He lived an outdoor life and, 
outside of the classroom, horse and man were almost inseparable, with 
long rides together through the foothills and mountains that surround 
the university. The time came, however, when this professor accepted 
a position in the East, where it would be impossible to take the horse. 
His attachment to it was so great that he would not sell it, lest it should 
fall into the hands of persons who would mistreat it. He knew of no 
one to whom he could give the animal, and so with a heavy heart he 
started off to a canyon in the foothills determined to shoot his faithful 
friend in order that it might never know any days less happy than those 
they had had together. As he was going up a trail he met Professor 
Dudley coming down with a collection box over his shoulder. Dudley 
asked where he was bound on what seemed to be a sorrowful mission. 
The professor told what he intended to do, and Dudley asked if he might 
not buy the horse. "He is yours! He is yours!" exclaimed the Rus- 
sian, delighted. "I give him to you ! You are the only man in all the 
world who is worthy of him, the only one with whom I would gladly 
trust him r B. A. 
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A BIBLIOGRAPHY OF THE SOUTHERN APPALACHIAN 
AND WHITE MOUNTAIN REGIONS 

Compiled by Helen E. Stockbbidqe 

OUTLINE OF SUBJECTS 

1. National forest movement 

2. Topography and resources in general. 

3. Botany. 

4. Forests and forestry; forest influences. 

5. Water resources. 

6. Climatology. 

7. Geology. 

8. Mines and mineral resources. 

9. Soils. 

Note. — In compiling the references to the natural resources of these regions, 
only such books and articles as deal exclusively with the parts of the country 
In which the White and Southern Appalachian Mountains lie have been in- 
cluded. Further information along these lines may be found in the general 
botanies, geologies, etc., of the United States, and in atlases, geographies, and 
encyclopedias, under the names of the states concerned. 

1. National Forest Movement 

Ambler, C. P. Appalachian forest reserve and why park is necessary. (Alka- 
hest magazine, Dec. 1902: 264-71.) 

The proposed national Appalachian forest reserve. (Sundowns maga- 
zine, Jan. 1903: 15-26.) 

American civic association — Dept. of parks and public reservations. To pre- 
serve the nation's heritage; national forests in the east. 11 p. Providence, 
R. I., 1908. 

To preserve the nation's heritage; vital imi)ortance of the Appalachian 

forest project 12 p. il., map. Providence, R. I., 1908. 

Anderson, Thomas F. Our New England Alps as a national health resort il. 

(New England magazine, May 1908, v. 38: 313-27.) 
Appalachian national park. (Forest leaves, 1901-2, v. 8: 70-1; 100.) 
Appalachian national park assoc^iation. Appalachian forest reserve; proceed- 
ings of the convention held Oct. 25, 1902, at Asheville, N. C. 48 p. Ashe- 
ville, N. C, 1902. 

The Appalachian national park ; synopsis of work accomplished, Nov. 

22, 1899, to Aug. 30, 1901. Ed. 4. 32 p. Asheville, 1901. 

Memorial urging establishment of national park in southern Appalach- 
ian region. 5 p. Wash., 1900. (U. S. — 56th congress — 1st session. Senate 
document 58.) 

The Appalachian reserve; convention at Atlanta. (Manufacturers' 

record, Jan. 23, 1908, v. 5'3, no. 2: 43-4.) 

Ayres, Philip W. Reasons for a national forest reservation in the White 
Mountains, il. (Forestry and irrigation. Sept 1905, v. 11: 421-7 ) 

Battle for the Weeks bill. il. (American forestry, Mar. 1910, v. 16: 333-44.) 

Chaml)erlain, Allen. Protection of White Mountain forests, il. (Forestry and 
irrigation, Oct. 1905, v. 11: 455-8.) 

Cone, M. H. The proposed Appalachian national forest. (Southern Wood- 
lands, Feb. 1908, v. 1, no. 6: 11-15.) 
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Ck)iinecticut — General assembly. Resolution concerning forest reserves in the 

White Mountains. (U. S. — 59th congress — 2d session. Congressional 

record, 1907, v. 41, pt 3: 2142.) 
Defebaugh, James Elliott. The Appalachian forest reserves ; a consideration of 

some features of the forest reserve policy of the United States. 13 p. 

Chicago, American lumberman, 1908. 
Demand for the passage of the Appalachian — White Mountain bill. (I'orestry 

and irrigation, Feb. 1907, v. 13: 86-9.) 
Depew, Chauncy Mitchell. National Appalachian forest reserve; speech in the 

Senate of the United States, June 7, 1902. 8 p. Wash., D. C, Government 

printhig office, 1902. 
Eastern forest reserves. (Woodland and roadside, April 1906, v. 5: 6-8; Jan. 

1907, V. 5: 81-4.) 
Eastern forest reserves ; resumption of the campaign for the White Mountain- 
Southern Appalachian bill. (Forestry and irrigation, Nov. 1906, v. IT: 

508-10.) 
Eaton, F. M. Millions for tribute but not one cent for defense, il. (Forestry 

and irrigation, Feb. 1908, v. 14: 94-6.) 
Elliot, Wm. The southern Appalachian forest reserve ; speech in the House of 

representatives. May 14, 1902. 15 p. Wash., D. C, Crovemment printing 

office, 1902. 
Finney, J. H. The Appalachian national forest association. (Conservation, 

Sept-Dec. 1908, v. 14: 504r-5, 643-^.) 

The south's concern in the Appalachian project and how to make its 

influence felt il. (Conservation, Dec. 1909, v. 15, no. 12: 741-51.) 

For the Appalachian forest reserve. (Manufacturers' record, Feb. 6, 1908, v. 

53, no. 4: 56-7.) 
For the preservation and future development of a splendid region. (Forestry 

and irrigation, Sept 1905, v. 11: 402-12.) 
Forest reserves wanted in Maine. (Forester, Nov. 1901, v. 7: 273-^.) 
Gallinger, J. H. Value of a forest reserve to New England. 11. (Forestry 

and irrigation, Sept. 1905, v. 11: 413-15. > 
Georgia — General assembly. An act to give consent by the State of Georgia 

to the acquisition by the United States of such lands as may be needed 

for the establishment of a national forest reserve in said State. (In its 

Session laws, 1901, p. 84.) 

National Appalachian forest reserve recommended; a resolution. (In 

its Session laws, 1910, pt 4.) 

Glenn, R. B. An eloquent plea for the perpetuation of our forests. ( Southern 

lumber journal, May 15, 1906, v. 17, no. 10: 35.) 
Guild, Curtis. The Appalachian forests. (American forestry, Feb. 191U, v. 16: 

67-74.) 
Hale, Harry M. Strong arguments in favor of the Appalachian reserve, il. 

(National coopers' journal, July 1907, v. 23, no. 3: 10-11.) 
Hall, Wm. L. The Appalachian forest reserves a necessity to the wood-using 

industry. 11. (National coopers' journal, Nov. 1907, v. 23, no. 7: 8-9.) 

Forestry reservation on the Monongahela river watershed. (Forest 

leaves, Feb. 1908, v. 11: 101-3.) 

Higgins, Edwin W. The Appalachian and White Mountain forest reserve; 
speech ... in the House of representatives, Friday, Feb. 8, 1007. 7 p. 
Wash., D. C, CrOvemment printing office, 1907. 

The proposed Southern Appalachian and White Mountain forest reserves. 

(Southern woodlands, June 1907, v. 1, no. 2: 14-22.) 

Holmes, J. A. The Appalachian reservation. (Lumber trade journal, June 1, 
1902, V. 41, no. 11: 19.) 

Proposed Appalachian park. (Forester, July 1900, v. 6: 16(Mi.) 
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Hoover, T. L. The roof of New England; a plea to save our forests. (Crafts- 
man, Jan. 1907, v. 11: 435-41.) 

In the southern AUeghenies ; public interest in the establishment of a national 
southern park and forest and game preserve in western North Carolina. 
(Forester, Dec. 1899, v. 5: 283-5.) 

Letters urging the establishment of the White Mountain forest reserve. (For- 
estry and irrigation, Feb. 1906, v. 12: 90-3.) 

Lever, A. F. Protection for American industry. (Forestry and irrigation, 
April 1908, v. 14: 217-20.) 

Louisiana — ^Legislature. Act consenting to the United States government 
acquiring forestry preserves in this state. (In its Acts of 1910, no. 261.) 

Lumbermen and the Appalachian reserve. (Southern lumberman, Jan. 18, 
1908, V. 64, no. 643: 21.) 

Lumbermen favor the Appalachian forest reserve project and the forestry 
idea. (American lumberman, Feb. 29, 1908, no. 1710: 33.) 

McGee, W. J. Bearing of the proposed Appalachian forest reserve on navi- 
gation. (Conservation, Dec. 1908, v. 14: 661-3.) 

Proposed Appalachian forest reserve. 11. (World's work, Nov. 1901, 

V. 3: 1372-85.) 

Maine — Legislature. Resolve favoring the establishment of a national forest 
reserve in the White Mountain region. (In its Resolves of 1903, chap. 
102.) 

Resolve for a co-operation agreement with the United States for the 

purpose of creating forest reserves at the head-waters of the navigable 
streams of the state. (In its Resolves of 1911, chap. 177.) 

Maryland — General assembly. An act to give consent by the state of Maryland 
to the acquisition by the United States of such lands as may be needed 
for the establishment of a national forest reserve in said State. (In its 
Laws of 1908, chap. 217.) 

Massachusetts — ^Legislature. Resolutions in favor of the legislation by the 
Congress of the United States to protect the forests of the White Moun- 
tains by including them in a national park. (U. S. — ^58th congress — 1st 
session. Congressional record, 1903, v. 37: 174.) 

Maxwell, G. H. The Appalachian forest reserves. (American lumberman, 
March 28, 1908, no. 1714: 50.) 

The Appalachian national forest. (Maxwell's talisman, May 1908, v. 9, 

no. 5: 37-8.) 

Maxwell, H. V. Strong plea for the Appalachian forest reserves. (Lumber 

review, Jan. 1, 1911, v. 21, no. 1 : 60.) 
Merchants' association of New York. Resolution in re forest reserves in the 

White and Appalachian mountain ranges. (U. S. — 60th congress — 1st 

session. Congressional record, 1908, v. 42, pt. 1: 907.) 
New Hampshire — General court. Joint resolution favoring the establishing 

of a national forest reserve in the White Mountain region. (In its 

Resolves of 1903, chap. 137.) 

Joint resolution in favor of the establishment of a national forest reserve 

in the White Mountain region. (In its Resolves of 1905, chap. 122.) 

Memorial for establishment of a forest reserve in the White Mountains. 

(U. S. — 60th ^congress — 2d session. Congressional record, 1909, v. 43: 
3819.) 

New York l)oard of trade and transportation. Resolution praying for the 
enactment of legislation for the acquisition of forest reservations in the 
southern Appalachian and White Mountains. (U. S. — 59th congress — 1st 
session. Congressional record, 1906, v. 40, pt 6: 5941.) 
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Newlands, Francis G. Regulation of navigable rivers ; the Appalachian and 
White Mountain forest reserve bill ; bill for the control of the How of 
navigable rivers in aid of interstate connuerce; a measure of constructive 
conservation ; remarks ... in the Senate of the United States, Wedne^lay, 
Feb. 15, 1911. 31 p. Wash., I>. C, Government printing office, 1911. 

North Carolina — General assembly. An act to give consent by the State of 
North Carolina to the acquisition by the United States of such lands as 
may be needed for the establishment of a national forest reserve in said 
State. (In its Laws of 1901, chap. 17.) 

Resolution concerning the Appalachian national park forest reserve. 

(In its Laws of 1903.) 

Resolution requesting our senators and representatives to urge the 

passage of the bill now pending to secure the establishment of forest 
reserves in the Southern Appalachians and White Mountains, and request- 
ing Grovernor Glenn to attend meeting of governors in this interest. (In 
its Laws of 1907.) 

Page, Thos. Nelson. The people's possessions in the Appalachian forests. 

(American forestry, Mar. 1911, v. 17: 133-44.) 
Passage of the Appalachian bill. (American forestry, Mar. 1911, v. 17: 

164-70.) 
Peters, A. J. The White Mountain forest reserve; speech in the House of 

representatives, June 16, 1910. Wash., D. C, Government printing otfice, 
, 1910. 
Pinchot, Gifford. The proposed eastern forest reserves. (Appalachia, May 

1906, V. 11: 134-43.) 
Powell, George S. Memorial to the Congress of the United States from the 

Appalachian national park association. (Southern pictures and penciliugs, 

1900, V. 2, no. 3.) 
Pratt, Joseph Hyde. The Southern Appalachian forest reserve. (Elisha 

Mitchell scientific society. Journal, Dec. 1905: 156-64.; 
Pritchard, J. C. Southern Appalachian forest reserve, speech ... in the Senate 

of the United States, April 26, 1902. 15 p. Wash., D. C, Government 

printing office, 1902. 
Rane, F. Wm. The importance of the White Mountains and other forest 

reserves from the teacher's standpoint. (Forestry and irrigation, Dec. 

1905J, V. 11: 562-4.) 
Robertson, H. J. Best use of the White Mountain region. (Forestry and irri- 
gation, Nov. 1905, V. 11: 529-31.) 

Rollins, Franklin W. A forest reservation policy for the east. (Forestry 
and irrigation, Jan. 1906, v. 12: 25-7.) 

A forest reserve in the White Mountains, il. (Forestry and irrigation, 

Nov. 1905, V. 11: 512-16.) 

The proposed national forest in the White Mountains, il. (Government, 

Boston, June 1907, v. 1: 21-4.) 

Roosevelt, Theodore. The Appalachian forest reserve. (Forestry and irri- 
gation, Jan. 1902, v. 8: 12-14.) 

President Roosevelt urges Southern Appalachian reserve. (Forestry 

and irrigation, Oct. 1905, v. 11: 445-6.) 

Roth, Filibert. The Appalachian forests and the Moore report, il. (American 

forestry, April 1910, v. 16: 209-17.) 
Save the forests in the Appalachian and White Mountains, il. (Forestry 

and irrigation, June 1907, v. 13: 296-305.) 
Shaler, Nathaniel S. Proposed Appalachian park. (North American review, 

Dec. 1901, V. 173: 774-81.) 
Shepard, Harvey N. and Smith, Hoke. Constitutionality of the Appalachian 

bill. Wash., D. C, Sudwarth co., 1908. 
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Simmons, Tumifold McLendel. Southern Appalachian forest reserve; speech 
In the Senate of the United States, Jute 9, 1902. 16 p. Wash., D. C, 
Government printing office, 1902. 

Conservation of navigable rivers ; speech ... in the Senate of the United 

States, Feb. 15, 1911. 10 p. Wash., D. C, Government printing office, 
1911. 

Smith, Hoke. The propriety and need of federal action. (Forestry and Irri- 
gation, Mar. 1908, v. 14: 163-5.) 

South Carolina — General assembly. An act to give consent by the State of 
South Carolina to the acquisition by the United States of such lands as 
may be needed for the establishment of a national forest reserve in said 
state. (In Its Acts of 1901, p. 609.) 

Southern Appalachian — White Mountain forest bill. (Forestry and irrigation, 
Jan. 1908, v. 14: 25-7.) 

Southern forest reserve. (Manufacturers' record, Jan. 2, 1908, v. 52, no. 25: 
71-2.) 

Southern forest reserve a federal duty. (Manufacturers' record, Dec. 12, 
1907, V. 52, no. 22: 42^.) 

Start, Edwin A. The fight for the Appalachian forests, il. (Conservation, 
May 1909, v. 15: 291-61.) 

A national need. 11. (Forestry and irrigation, Sept. 1907, v. 13; 

481-4.) 

A White Mountain forest reserve. 11. (Forestry and Irrigation, Oct. 

1905, V. 11: 450-2.) 

Why the bill hangs fire. (Forestry and irrigation, Jan. 1907, v. 13: 

29-31.) 

Status of proposed Appalachian forest. (Southern lumberman, Dec. 28, 1907, 
V. 54, no. 640: 20-1, 35.) 

Sulzer, Wm. We must preserve our forests, protect our water-sheds, and 
promote the utilities of our rivers from source to sea ; . . . speech in the 
-House of representatives, Thursday, May 21, 1908. 7 p. Wash., D. C, 
Grovernment printing office, 1908. 

Surface, George T. Southern Appalachian park reseiTe as a national play- 
ground. (American academy of political and social science. Annals, Mar. 
1910, V. 35: 401^.) 

Tennessee — General assembly. An act to give consent by the State of Ten- 
nessee to the acquisition by the ITnited States of such lands as may be 
needed for the establishment of a national forest reserve in the said 
State. (In its Acts of 1901, chap. 47.) 

Twentieth century club. An Appalachian forest conference, Boston, April 10, 
1907. (Woodland and roadside, May 1907, v. 6, no. 2: 15-17.) 

Unanimous press; quotations from current newspapers about the proposed 
eastern forests. (Forestry and Irrigation, Feb. 1907, v. 13: 65-77.) 

United States — Congress— House — Committee on agriculture. The national 
Appalachian forest reserve. 4 p. Wash., D. C, 1902. (57th congress — 
1st session. House report 1547.) 

Report amending S. 5228, for purchase of national forest reserve In 

southern Appalachian Mountains, to be known as national Appalachian 
forest reserve, as substitute for H. 13523. 4 p. Wash., D. C, 1902. (57th 
congress — ^2d session. House report 2913.) 

Hearings ... on bills having for their object the establishment of forest 

reserves In the Southern Appalachian and White Mountains. 52 p. Wash., 
D. C, 1906. (59th Congress— 1st session.) 

. . . Appalachian forest reserve, etc Report to accompany H. R. 

19573. 21 p. Wash., D. C, 1906. (59th congress— 1st session. House 
report 4399.) 
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United States — Appalachian and White Mountain forest reserves; bearings 
102 p. Wash., D. C, 1908. 

Co-operation of stale i.)i' co isiMvatio i of navigiibilily of navigable 

rivers, etc. 4 p. Wash., D. C, 1908. (OOtli congress — 1st session. House 
report 1700.) 

Hearings on bills having for their object the acquisition of forest and 

other lands for the protection of watersheds and conservation of the navi- 
gability of navigable streams; also other papers bearing on the same 
subjects. 143 p. Wash., D. C, 1909. 

Acquiring land for the protection of watersheds for the conservation 

of navigable streams. 10 p. Wash., D. C, 1909. (60th congress— 2d 
session. House report 2027.) 

Protection of watersheds of navigable streams ; hearings. 168 p. Wash., 

D. C, 1910. 

Conservation of navigable rivers. 17 p. Wash., D. C, 1910. (61st 

congress — ^2d session. House report 1036.) 

United States — Congress — House — Committee on the judiciary Hearing 

on House resolution 208 .. . 46 p. Wash., D. C, 1908. 

Appalachian and White Mountain forest reserves; report to accompany 

House resolution no. 208. 18 p. Wash., D. C, 1908. 

Power of federal government to acquire lands for national forest pur- 
poses ; ... to accompany H. Resolution no. 365. 42 p. Wash., D. C, 1908. 
(60th congress — 1st session. House report 1514.) 

United States — Congress — Senate — Committee on forest reservations and pro- 
tection of game. Report favoring S. 5518 for national forest reserve in 
Southern Appalachian Mountains. 14 p. maps. Wash., D. C, 1901. 
(56th congress — ^2d session. Senate report 2221.) 

Report favoring S. 492, for national forest reserve in Southern Appa- 
lachian Mountains. , 3 p. Wash., D. C, 1902. (57th congress — 1st session. 
Senate report 339.) 

Report amending S. 5228, for national forest reserve in Southern 

Appalachian Mountains, as substitute for S. 492. 4 p. Wash., D. C, 1902. 
(57th congress — ^2d session. Senate report 1172.) 

Report favoring S. 887, for purchase of national forest reserve in South- 
ern Appalachian Mountains, to be known as national Appalacliian forest 
reserve. 4 p. Wash., D. C, 1903. (58th congress— 1st session. Senate 
report 13.) 

Report favoring S. 2327, for purchase of national forest reserve in 

White Mountains. 12 p. Wash., D. C, 1904. (58th congress— 3d session. 
Senate report 2742.) 

...Appalachian forest reserve, etc Rei3ort to accompany S. 4953. 

19 p. map. Wash., D. C, 1906. (59th congress— 1st session. Senate 
report 2537.) 

...Acquiring national forests in Southern Appalachian and White 

Mountains Report to accompany S. 4825. pt. 1-2. Wash., D. C, 

1908. (60th congress — 1st session. Senate report 459.) 

Acquiring national forests in the White and Appalachiaiif Mountains ; 

report to accompany S. 4501. 1 p. Wash., D. C, 1910. (61st congress— 
2d session. Report no. 846.) 

Conservation of navigable rivers; supplemental report to accompany 

S. 4501. 6 p. Wash., D. C, 1910. (61st congress— 2d session. Senate 
report 846, pt 2.) 

United States — 56th congress — 1st session. To provide for the appointment 
of a commission to investigate and report upon the most desirable area 
in western North Carolina and eastern Tennessee for the establishment 
of a national park and forest reserve to be known as the Appalachian 
national park. Wash., D. C, 1900. (Senate resolution 69.) 
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United States — Forestry investigations; appropriation of $5,000 for a prelim- 
inary investigation of the Southern Appalachian mountain region. (Stat- 
utes at large, 1900, v. 31 : 197.) 

United States — 56th congress — 2d session. Acts for the purchase of a national 

forest reserve in the Southern Appalachian Mountains Wash., D. C, 

1901. (Senate bill 5518; House bill 18502.) 

United States — 57th congress — 1st session. _ Acts for the purchase of a national 

forest reserve in the Southern Appalachian Mountains Wash., D. C, 

1901-2. (Senate bills 492, 5228; House bills ai28, 6543, 12138, 13523.) 

United States — S8th congress — 1st session. Acts for the purchase of a national 

forest reserve in the Southern Appalachian Mountains Wash., D. C, 

1903. (House bills 1196, 5065; Senate bill 887.) 

United States — ^58th congress — 2d session. Acts for the purchase of a national 
forest reserve in the White Mountains. Wash., D. C, 1903. (Senate bill 
2327; House bill 7284.) 

United States — 59th congress — 1st session. Acts for the purchase of a 

national forest reserve in the Southern Appalachian Mountains Wash., 

D. C, 1905. (House bill 40; Senate bill 408.) 

Acts for the purchase of a national forest reserve in the White Moun- 
tains. Wash., D. C, 1905. (House bill 181; Senate bill 34.) 

Acts for the establishment of a national parli and forest reserve in 

the Appalachian Mountains, and to provide for the conservation of the 

water that flows down the Potomac watershed Wash., D. C, 1905-6. 

(House bills 5365, 13784; Senate bills 3504, 4271.) 

Acts for the purpose of acquiring national forest reserves in the Appa- 
lachian Mountains and White Mountains Wash., D. C, 1906. (Senate 

bill 4953; House bill 19573.) 

United States — 59th congress — ^2d session. An act authorizing a survey to 
be made of the lands suited to national forest reserve purposes in the 
Appalachian Mountains. . . and in the White Mountains Wash., D. C, 

1907. (House bill 25057.) 

Appropriation of $25,000 for a survey of and report on Appalachian 

and White Mountain watersheds. (Statutes at large, 1907, v. 34, pt. 1: 
1281.) 

United States — 60th congress — 1st session. An act for the purchase of a 
national forest reserve in the Southern Appalachian Mountains. Wash., 
D. C, 1907. (House bill 10.) 

Acts for acquiring national forests in the Southern Appalachian Moun- 
tains and White Mountains. Wash., D. C, 1907-8. (House bills 20, 
10456, 10457; Senate bills 2985, 4825.) 

Referring to the Committee on the judiciary bills pending for acqui- 
sition of Appalachian and White Mountain forest reserves. Wash, D. C, 

1908. (House resolution 208.) 

Expressing the opinion that H. R. 10456 and 10457 (for the acquisition 

of Appalachian and White Mountain forest reserves) is unconstitutional. 
Wash., D. C, 19>08. (House resolution 365.) 

Acts for the establishment of a national park and forest reserve in the 

Appalachian Mountains, and to provide for the conservation of the water 
that flows down the Potomac watershed. Wash., D. C, 1907. (House 
bill 11357; Senate bill 3583.) 

An act to create forest reserves outside of existing national forests in 

order to conserve the waters of navigable streams and /or other purposes. 
Wash., D. C, 1908. (House bill 21220.) 

An act for protecting navigable streams and promoting navigation. 

Wash., D. C, 1908. (House bill 21221.) 
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United States — An act to acquire forest reservations in the Soutliem Appa- 
lacliian Mountains and the White Mountains for the conservation and im- 
provement of the navigability of navigable streams. Wash., IX C, 1906. 
(House bill 21357.) 

An act to provide for obtaining certain information relative to the 

White Mountain, Appalachian and other watersheds and forests. Wash., 
D. C, 1908. (House bill 21877.) 

An act to enable any state to co-operate with any other state or states, 

or with the United States, for the c*onservation of the navigability of 
navigable streams. Wash., D. C, 1908. (House bill 21986.) 

An act to create forest reserves in the Southern Appalachian and the 

White Mountains in order to consei*ve the waters of navigable streams 
having their sources in these mountains, and for other purposes. Wash., 
D. C, 1908. (House bill 22238.) 

United States — 60th congress — ^2d session. Acts to enable any state to co- 
operate with any other state or states, or with the United States, for 
the protection of the watersheds of navigable streams, and to appoint 
a commission for the acquisition of lauds for the purpose of conserving 
the navigability of navigable rivers. Wash., D. C, 1909. (House bills 
26923, 27056.) 

United States — 60th congress — ^2d session. An act to create forest reserves 
in the Southern Appalachian and the White Mountains in order to con- 
serve the waters of navigable streams having their sourcies in these 
mountains, and for other purposes. Wash., D. C, 1909. (House bill 
26295.) 

United States — 61st congress — 1st session. Acts for the purpose of acquiring 
national forest reserves in the Appalachian Mountains .ind White Moun- 
tains. Wash., D. C, 1909. (House bills 11, 105.) 

An act to provide for obtaining certain Information relative to the 

White Mountains, Appalachian, and other watersheds and forests. Wash., 
D. C, 1909. (House bill 46.) 

An act to enable any state to co-operate with any other state or states, 

or with the United States, for the protection of navigable streams, and 
to appoint a commission for the acquisition of lands for the purpose of 
conserving the navigability of navigable rivers. Wash., D. C, 1909. 
(House bill 11798. This is the bill as it was finally passed.) 

United States — 61st congress — ^2d session. An act to enable any state to co- 
operate with any other state or states, or with the United States, for the 
protection of the watersheds of navigable streams, and to appoint a com- 
mission for the acquisition of lands for the purpose of conservmg the 
navigability of navigable streams. Wash., D. C, 1909. (Senate bill 
4501.) 

An act for the purpose of acquiring national forest reserves in the 

Appalachian Mountains, White Mountains, Mt. Katahdin regions, and 
headwaters of Maine rivers, etc. Wash., D. C, 1910. (House bill 21589.) 

United States — 61st congress — 3d session. An act to enable any state to 
co-operate with any other state or states, or with the United States, for 
the protection of the watersheds of navigable streams, and to appoint a 
commission for the acquisition of lands for the purpose of conserving the 
navigability of navigable rivers; approved March 1, 1911. (Statutes at 
large, 1911, v. 36, pt 1: 961-3.) 

United States — Dept. of agriculture. Preliminary report of investigations 
upon forests of Southern Appalachian region. 3 p. Wash., D. C, 1901. 
(U. S. — 56th congress — 2d session. Senate docunient 93.) 

Message from the President of the United States transmitting a report 

of the Secretary of agriculture In relation to the forests, rivers and moun- 
tains of the Southern Appalachian region. 210 p. pi., maps. Washf., D. C, 
1902. (57th congress — 1st session. Senate document no. 84.) 
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United States — . ..Report of the Secretary of agriculture on the Southern Ap- 
palachian and White Mountain watersheds. ... 39 p. maps. Wash., 
D. C, 1908. (60th congress — 1st session. Senate document 91.) 

United States — Dept. of agriculture — Forest service. Purchase of land under 
the Weeks law in the Southern Appalachian and White Mountains. 9 p. 
Wash., D. C, 1911. 

Virginia — General assembly. An act to give consent by the State of Vir- 
ginia to acquisition by the United States of such lands as may be needed 
for the establishment of a national forest reserve in the said State. (In 
its Laws of 1901-2.) 

Weeks, John W. Forestry legislation ; speech ... in the House or representa- 
tives, Monday, March 1, 1909. 44 p. Wash., D. C, Government printing 
office, 1909. 

VVest Virginia — Legislature. Act relating to the acquisition by the United 
States of land for a national forest reserve in the state of West Virginia. 
(In its Acts of 1909, chap. 61.) 

Why the Appalachian reserves are essential, il. (Forestry and irrigation, 
July 1907, V. 13: 367-75.) 

Wiggins, Benjamin L. An Appalachian forest reserve and the south, il. 
(Forestry and irrigation, Sept. 1905, v. 11: 416-21.) 

Will, Thomas Elmer. New national forest reserve; plea for preservation of 
important eastern regiors by federal government, il. (Forestry and irri- 
gation, Dec. 1906, V. 12: 544-8.) 

The new national forest reserves in the Southern Appalachian and 

White Mountains, il. (Review of reviews, Dec. 1906, v. 34: 708-11.) 

Southern Appalachian forest reserve, il. (Southern lumberman, Dec. 

25, 1906, V. 51, no. 603: 55-6.) 

The Appalachian — White Mountain national forests. (Packages, Sept 

1907, V. 10, no. 9: 30-2.) 

The Appalachian — White Mountain question, il. (National coopers' 

journal, June 1907, v. 23, no. 2: 12-13.) 

Save the forests in the Appalachian and White Mountains. 15 p. map. 

Wash., D. C, American forestry association, 1907? 

Congress should create the White Mountain and Appalachian national 

forests. (Maxwell's talisman, Feb. 1908, v. 9, no. 2: 15-16.) 

National forests in the Appalachians, il. (Review of reviews, April 

1908, V. 37, no. 4: 450-5.) 

Wilson, James. Proposed Southern Appalachian forest reserve. (Forestry 
and irrigation, July 1903, v. 9: 332-4.) 

2. TOPOGRAPHY AND RESOURCES IN GENERAL. ' 

J 
Abbe, Cleveland. A general report on the physiography of Maryland. 176 p. 

il., pi., maps. Baltimore, Md., 1898. (Reprinted from Report of Mary- 
land state weather service, v. 1, 1899.) 
Abbott, Don Q. Geography of Georgia. 7 p. il., map. Macon?, Ga., 1898. 
Abell, A. S., company. Maryland, its resources, industries and agricultural 

condition. 88 p. pi., map. Baltimore, Md., The Sun, 1893. 
Adams, John Coleman. The Brook path to Choeorua. (Appalachia, Feb. 

1893, V. 7: &-13.) 
Alger, F. Vernon. History of Martinsburg ard Berkeley co., W. Va. 452 p. 

Hagerstown, Md., Mail publishing co., 1888. 
Allen, Grant. The White Mountains. (Longmans' magazine, Jan. 1887, v. 9: 

283-96.) 
Angle, Helen M. Log or diary of our automobile voyage through Maine and 

the White Mountains. Stamford, Conn., 1910. 
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Appalachian mountain club. Guide to the paths and camps in the White 
mountains. 206 p. Boston, 1907. 

B. Sketches of the White Mountains. (Collections historical and miscel- 
laneous and monthly literary journal, Concord, N. H., April 1823, v. 2: 
97-107.) 

Ball, B. L. Three days on the White Mountains. 72 p. Boston, Mass., N. 
Noyes, 1856. 

Ballou, Hosea. The White Mountains. ( Universalist quarterly review, April 

1846, V. 3: 113-43.) 
Bangor and Aroostook railroad company. In the Maine woods ; a guide book 

for sportsmen. 40 p. il., pi., map. Bangor, Me. 1900. 

Bannister, Cowan & co. The resources of North Carolina ; its natural wealth, 
condition and advantages as existing in 1869. 116 p. Wilmington, N. C, 
1869. 

Barstow, S. M. A visit to the Imp Face. (Appalachia, Dec. 1883, v. 3: 
274-5.) 

Beaman, W. M. Notes of two ascents of Mt Carr. (Appalachia, June 1888, 
V. 5: 153-5.) 

Beckett, Sylvester Breakmore. Guide book of the Atlantic and St Lawrence, 
and St. Lawrence and Atlantic railroads, including a full description of 
all the interesting features of the White Mountains. 180 p. Portland, 
Me., Sanborn and Carter, 185.3. 

Belknap, Jeremy. Description of the White Mountains. (Ajnerican philosophi- 
cal society. Transactions, 1786, v. 2: 42-9.) 

Journal of a tour to the White Mountains in July 1784. 21 p. map. 

Boston, Massachusetts historical society, 1876. 

The White Mountains. (In his History of New Hampshire, Boston, 

Mass., 1792, v. 3.) 

Bierstadt l)ros. Stereoscopic views among the hills of New Hampshire. New 

Bedford, Mass., 1862. 
Bigelow, Jacob. Some account of the White Mountains of New Hampshire. 

(New England journal of medicine and surgery, Oct. 1816, v. 5: 321-38.) 
Bishop, Ileber. Guide book to the Megantic, Spider and upper Dead river 

regions of the province of Quebec and state of Maine. 212 p. il., maps. 

Boston, Mass., II. Bishop, 1887. 

Blum. L. V. and E. T. Guidebook of western North Carolina. 109 p. Salem, 

N. C, 1878. 

Boardman. Sanniel Lane. Climate, soil, physical resources and agricultural 
capabilities of the state of Maine, with special reference to the occupation 
of its new lands. 60 p. Wash., D. C, 1884. (U. S.— Dept. of agriculture. 
Miscellaneous special report no. 4.) 

Boardman, Harvey. A complete and accurate guide to and around the White 
Mountains. 26 p. map. Boston, Mass., 1859. 

Bokum, Hermann. The Tennessee handbook and immigrants' guide, giving 
a descrii)tion of the State of Tennessee. 164 p. map. Phila., Pa., J. B. 
Lippincott & co., 1868. 

Bolles, Frank. At the north of Bear-camp water ; chronicles of a stroller in 
New England from July to December. 297 p. Boston, Mass., 1893. 

The land of the lingering snow. 234 p. Boston, Mass., Houghton, Mifflin 

& CO., 1891. 

Boston and Maine Railroad. Among the mountains. 46 p. il. Boston. Mass. 
1897. 

Summer excursions to White Mountains, Mt. Desert Rangeley and 

Moosehead lakes, etc. 96 p. Boston, Mass. 1889. 
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Boston and Maine Railroad. The Wliite Mountains of New Hampshire, in the 

heart of the nation's play-ground. 72 p. il. Boston, Mass., 1910. 
Boston, Concord and Montreal railroad company. Guide to the lakes and 

mountains of New Hampshire 45 p. il., pi., map. Concord, N. H., 

Tripp & Osgood, 1852. 
Bowditch, Nathaniel. Estimate of the height of the White Hills. (American 

■ academy of science and arts. Memoirs, 1815, v. 3, pt. 2 : 326-9. ) 
Boyd, Chas. Rufus. Grayson county, Va 42 p. map. Independence, Va., 

G. D. Brown, 1897. 

Resources of southwestern Virginia. 321 p. diagrs., pi., map. New 

York, John Wiley & sons, 1881. 

Boyle, Esmeralda. The mountain slopes and river banks of North Carolina. 
(Overland monthly, 1883, ser. 2, v. 1 : 536^40.) 

Bradlee, John E. Pocket guide to the White Mountains and Lake Winnipiseo- 
gee. 72 p. map. Boston,* Mass., J. E. Bradlee, 1861. 

Brantly, Wm. Theophilus. Maryland. It? p. Boston, Mass, Little, Brown 
& CO, 1882. 

Brickell, John. The natural history of North Carolina. 408 p. map. Dublin, 
Ireland, James Carson, 1737. 

Brigham, Albert Perry. From trail to railway through the Appalachians. 
188 p. il., maps. Boston, Mass., Ginn & co., 1907. 

Brown, Samuel B. Resources of West Virginia. (West Virginia school 
journal., Aug., 1897, 3 p.) 

Bruce, Thomas. Southwest Virginia and Shenandoah valley. 259 p. Rich- 
mond, J. L. Hill publishing co., 1891. 

Buckingham. Joseph T. The Notch in the White Mountains. (In Hillard, 
George S., ed. The Boston book, 1841: 207-71.) 

Buckley, S. B. Mountains of North Carolina and Tennessee. (American 
journal of science, 1859, 2d ser., v. 27: 286-94.) 

Burt, Frank H. Among the White Mountains; Mount Washington and sur- 
roundings. Springfield, Mass., 1879. (Several editions.) 

Mt. Washington, a handbook for travellers. 92 p. il. Boston, 1904. 

(Several later editions.) 

A tour among the mou»'tnins : ^It. Wnshinjrton and vicinity. 34 p. 11. 

Mt. Washington, N. H.. Amonc: the clouds, 1879. 

Burt, Henry Martyn. Burt's illustrnted guide of the Connecticut valley, con- 
taining descriptions of Mt. Ilolvoke, Mt. Mansfield, White Mountains, 
etc. 281 p. 11.. pi. Northampton, N. H., N. E. publishing co., 1867. 
(Several editions.) 

Butler, Alford A. Mt. Huntington. (Appalachia, Dec. 1884, v. 4: 40-4.) 

Butts, Mary F. The White Mountains in winter, il. (New England maga- 
zine., Feb. 1890, v. 1: 595-609.) 

Oarpenter, Frank O. The Benton Range. (Appalachia, June 1888, v. 5: 
128-33, 151-3.) 

The Great Smoky Mountains and Thunderhead Peak. (Appalachia, 

1890, V. 6: 138-^.) 

Guide book to the Franconia notch ard the Pemlgewasset vnlley. 136 p. 

il. Boston, Mass., 1898. 

Carr, Ellas. North Carolina's resources. ( Southern states, 1893, v. 1 : 
14^-52.) 

Resources and advantages of North Carolina. 22 p. pi. Raleigh, N. C, 

J. Daniels. 1893. 

Topography, climate and resources of North Carolina. (Health, sani- 
tation and climatology of the southern states, 1895, v. 1: 50-4.) 
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Carter, James Gordon. A geography of New Hampshire for families and 
schools. 246 p. map. Portsmouth, N. H., N. March, 1831. 

Carter, Susan N. The White Mountains. 11. (In Bryant, W. C, ed. Pic- 
turesque America, 1872, v. 1.) 

Chamberlain, Joshua Lawrence. Maine. 22 p. Boston, Mass., Little, Brown 
& CO., 1882. 

Chandler, Julian Alvin Carroll. Virginia. 59 p. 11., map.. New York, The 
MacMlllan co., 1902. (Tarr & McMurry geographies. Supplementary 
volume. ) 

Charlton, Edwin A. New Hampshire as it is ; an historical sketch, a gazetteer, 
a general view. v. 1-3. il. Claremont, N. H., 1855. 

Chase, Francis, ed. Gathered sketches of New Hampshire and Vermont. 
Claremont, N. H., 1856. 

Chesapeake & Ohio railroad co. The C. & O. R. R. of Virginia and West 
Virginia, with information coiuerniug its apiculture, mineral and mechan- 
ical resources, extended coal and iron deposits, medicinal springs and 
summer resorts. Richmond, Va., 1876. 

History of the Chesapeake & Ohio railroad, resources of the country, 

etc. Richmond, Va., 18b8. 

Chickering, J. W., jr. Contrasts of the Appalachian Mountains, il. (Anthro- 
pological society of Washington. The Saturday lectures ... in March and 
April, 1882, 185 p.) 

Notes on Roan Mountain, N. C. (Philosophical society of Washing- 
ton. Bulletin, 1881, V. 4: 60-4.) 

• A trip, to Roan Mountain. (Appalaohia, 1882, v. 3: 142-7.) 

Child, Hamilton. Gazetteer of Grafton co., N. H. (J44 p. Syracuse, N. Y.. 
1886. 

Churn, Ida F. Descriptive illustrateed guide-book to North Carolina moun- 
tains. 87 p. 11. New York, E. J. Hale & son, 1881. 

Clark, Adelbert. Mt. Washington, il. (Granite monthly, Nov. 1890, v. 27: 
291-9.) 

Clark, Wm. B. Introduction and relations of Maryland topography, climate 
and geology to highway construction. 84 p. pi., maps. Baltimore, Md. 
1899. (Md. — Geological survey. Special publication, v. 3, pt. 1-2.) 

Outline of present knowledge of physical features of Maryland. 95 p. 

maps. Baltimore, Md., 1897. (Md.- Geological survey.) 

Physical features of Maryland. 228 p. pi., maps. Baltimore, Md., 

1897. (Md.— Geological survey.) 

and Mathews, Edward B. Reiwrt on the physical features of Mary- 
land, together with an account of the exhibits of Maryland mineral re- 
sources made by the Maryland Geological survey. 284 p. il., pi., map, 
dlagrs. Baltimore, Md., Johns Hopkins press, 1906. 

The surface configuration of Maryland. (Maryland state weather 

service. Monthly report, 1892, v. 2: 85-9.) 

Clarke, Frank Wlgsrles worth, and Lanza, G. An ascent of Scar Ridge. (Appa- 
lachia, Feb. 1878, v. 1: 247-52.) 

A trip to North Carolina. (Appalachla, 1879, v. 2: 14-28.) 

Claxton, P. P. Fryers complete geosjrnphv; North Carolina edition. 12 p. 

map. Boston, Mass., Ginn & co.. 1896. 
Clingman, Thomas Lanier. North CaroliT^a. her wealth, resources and history 

(DeBow's review, 1858, v. 25: 664-79.) 

Selections from the speeches and writings of Hon. Thomas L. Cling- 
man of North Carolln-i. Edition 2. 675 p. Raleigh, N. C, J. Nichols, 
1878. 

Topography of Black mountain. (Smithsonian institution. Annual 

report of board of regents, 1855: 299-305.) 
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Cobb, Collier. Geography of North Carolina. 8 p. 11., map. New York, 
American book co., 1898. 

North Carolina. (Journal of school geography, 1897, v. 1: 257-66; 

300-8.) 

Special geography of North Carolina; appendix to Barnes' Complete 

geography. 10 p. map. New York, American book co., 1885. 

■ Special geography of North Carolina ; a supplement to Monteith*s Com- 
prehensive geography. 6 p. map. New York, A. S. Barnes & co., 1882. 

Cobb, Needham Bryan. Poetical geography of North Carolina. 73 p. Cam- 
bridge, Mass., Riverside press, 1887. 

Colby, Fred Myron. The White and Franconia mountains, il. (Bay state 
monthly. May 1885, v. 3: 76-96.) 

CJolby, George N. Atlas of the state of Maine, including statistics and descrip- 
tions of its history, education system, geology, railroads, natural resources, 
summer resorts, and manufacturing interests. 106 p. Houlton, Me., 
The author, 1885. 

Colby's guide and souvenir of the central lake region of New Hampshire. 
115 p. il., map. New London, Leonard & Colby, 1897. 

Colton, Henry E. Mountain scenery; the scenery of the mountains of west- 
ern North Carolina and northwestern South Carolina. Ill p. Raleigh* 
N. C, W. L. Pomeroy, 18G9. • 

Complete guide to the White Mountains and Lake Winnipiseogee. 72 p. 
Boston, Mass., 1857. 

Concord and Montreal Railroad. Summer outings in the old granite state 
via Merrimac valley route. 175 p. il. Concord, N. H., 1891. 

Cook, Edith W. A reconnoissance on the Carter range. (Appalachia, April 
1884, V. 3: 299-^14.) 

(>)ok, Eugene B. An ascent of Mt. Haystack. (Appalachia, Dec. 1883, v. 3: 
275-8.) 

An excursion over Mts. Nancy, Anderson and Lowell. Appalachia, 

March 1886, v. 4: 262-5.) 

• Mountains near New Zealand Notch. (Appalachia, Dec. 1888, v. 5: 

194r-200.) 

Mt Hale. (Appalachia, Dec. 1883, v. 3: 257-8.) 

Mt. Pliny. (Appalachia, Dec. 1883, v. 3: 261-3.) 

Mts. Blue and Cushman. (Appalachia, Dec. 1884, v. 4: 34r-40.) 

Round Mountain. (Appalachia, March 1886, v. 4: 257-60.) 

Shelburne Moriah. (Appalachia, Dec. 1883, v. 3: 259-61.) 

Coolidge, Austin Jacob and Mansfield, J. B. History and description of New 
England: v. 1, Maine, New Hampshire, and Vermont. 1023 p. Boston, 
Mass., A. J. Coolidge, 1859. 

Cooper, J. M. Mt. Washington in winter. (Granite monthly, Dec. 1897, v. 
23: 342-3.) 

Corning, Chas. R. The White Mountains, il. (Granite monthly, Aug. 1880, 
V. 3: 50^11.) 

Crawford, Lucy. The history of the White Mountains 206 p. il. Port- 
land, Me., Hoyt, Fogg & Donham, 1883. 

Davis, Fi;anklin Ware. In the Chocorua country. (Granite monthly, Sept. 
1895, V. 19: 177-86.) 

Davis, Wm. J. Geography of Kentucky; a supplement to the Eclectic series 
of geographies. 16 p. il., map. Cincinnati, Ohio, Van Antwerp, BrsLss 
& CO., 1878. 

Davis, Wm. Morris. The Blue Ridge of North Carolina. (Geological society 
of America. Bulletin, 1904, v. 14: 543.) 



Digitized by VjOOQIC 



186 PROCEEDINGS OF THE SOCIETY OF AMERICAN FORESTERS 

Derry, Joseph Tyrone. Georgia ; guide to its cities, towns, st-euerj- and re- 
sources. UK) !>. il., map. I*liiladelphia, Pa., J. B. Lippiucott & i*o., 1878. 

Dfmmock, George. A trip to Mt. Mitcliell in Nortli Carolina. (Appalachia, 

1877, V. 1: 141-51.) 
Diss DeBarr, J. H. Tlie West Virginia hand-book and immigrant's guide. 

193 p. Parkersburg, W. Va., Gibbens bros., 1870. 
Dodge, Jacob R. West Virginia ; its farms and forests, mines and oil-wells. 

276 p. Philadelphia, Pa., J. B. Lippincott & co., 1865. 
Dodge, Nathaniel S. Sketches of New England, or memories of the country. 

New York, 1842. 
Drake, Samuel Adams. Georgia ; its history, condition, and resources. 31 

p. map. New York, C. Scribner's sons, 1879. 

The heart of the White Mountains; their legend and scenery. 318 p. 

il., ports., maps. New York, Harper & bro., 1882. 
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upon the highest mountain in New England, 1870-71. rf63 p. Boston, 
Mass., Chick and Andrews, 1871. 

Mountain regions of North Carolina and Tennessee. (De Bow's review, 1859, 
V. 26: 702-6; 1860, v. 29: 537; 649-58.) 

Nemo. A day at the White Mountains. (Knickerbocker magazine. May 1837, 
V. 9: 473-7.) 

Neue Forshungen und Messungen im Gebirgssystem der Alleghanies. (Peter- 
mann's Mittheilungen, 1860: 263-72.) 

Nevins, W. S. The Intervale, New Hampshire. 58 p. Salem, Mass., 1887. 
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Newell, McFadden Alexander. Geography of Maryland, a supplement to the 

Eclectic series of geographies. Cincinnati, O., Van Antwerp, Bragg & co., 

1878. 
Nichols, G. W. Popular notices of Mt. Washington and vicinity. (American 

Journal of science and arts, April 1838, v. 34.) 
Noble, Marcus Cicero Stevens. Geography of North Carolina; a supplement 

to Maury's Manual of geography. 10 p. New Yorli, 1896. 
Nord — Carolina und was es dem Einwanderer anzubieten hat 131 p. il.. 

map. Leipzig, Grtibel und Sommerlatte, 1900. 
Norfolk & Western railway. Virginia ; its climate, soil, productions, manu 

facturing industries, and mineral wealth. 36 p. Baltimore, Md., 189? 

(Pamphlet.no. 11.) 
Norris, G. W. The Kanawha valley, its mineral resources, timber, locality, 

etc. Charleston, West Virginia, J. B. Hardwicke, 1871. 
North Carolina — Dept of agriculture. Hand-book of North Carolina. 333 

p. il., pi., map. Raleigh, N. C, 1893. (Several earlier editions.) 

North Carolina ; a general sketch of its surface, climate, productions, 

institutions, etc. 66 p. Raleigh, N. C, 1886. 

North Carolina and its resources. 413 p. il., pi. Winston, N. C, 1896. 

North Carolina; conditions inviting farming, trucking, cattle raising 

and dairying; soils and climate. 42 p. pi. Raleigh, N. C, 1905. 

North Carolina ; its resources and progress. 99 p. Raleigh, N. C, 1875. 

A sketch of North Carolina. 160 p. pi. Charleston, S. C, 1902. 

North Carolina land co. Statistical and descriptive account of the several 

counties of the state of North Carolina. 136 p. Raleigh, N. C, Nichols 
& Gorman, 1869. 
Nowell, Wm. G. Carter Dome and vicinity. (Appalachia, Mar. 1877, v. 1 : 
76-86.) 

The Mt. Adams paths. (Appalachia, June 1877, v. 1: 174-80.) 

Oakes, Wm. Scenery of the White Mountains, with 16 plates, from drawings 

of I. Sprague. 4 p. pi. Boston, Mass., Crosby, Nichols & co., 1848. 
Osborne, James W. Resources and advantages of North Carolina. (De Bow's 

review, 1849, v. 7: 545-7.) 
Paine, Thos. H. Handbook of Tennessee. 292 p. Nashville, Tenn., 1903. 
Parker, Herschel C. Winter climbing on Mt. Washington and the Presidential 

Range, pi. (Appalachia, 1902, v. 10: 19-28.) 
Peek, Wni. H. An exploration of the Pilot range. (Appalachia, 1886-8, v. 4: 

219-25; V. 5: 30-8, 215-22.) 
Peyton, John Lewis. History of Augusta county, Virginia. 388 p. Staunton. 

Va., S. M. Yost & son, 1882. 
Phillips, Alexander Lacy. The physical, political and mathematical geography 

of North Carolina. 4 p. Wilson, N. C, J. Daniels, 1883. 
Pickering, Edward C. Accurate mountain heights. (Appalachia, 1886, v. 4: 

215-19, 305-22.) 

Mt. Liberty. (Appalachia, Mar. 1877, v. 1: 122-4.) 

Pickering, Wm. H. Carter Dome, Huntington's Ravine, and the Montalban 
Ridge. (Appalachia, Dec. 1881, v. 2: 341-51.) 

Hedgehog chasm. (Appalachia, June 1879, v. 2: 75-6.) 

Mts. Passaconaway and Whiteface. (Appalachia, June 1882, v. 3: 

72-3.) 

Mts. Webster and Jackson, Mts. Crawford, Resolution and the Giant's 

Stairs. (Appalachia, Mar. 1877, v. 1: 121-2.) 

Table of the less visited peaks of the White Mountains. (Appalachia, 

1880-1882, V. 2: 181-3, 281-2; v. 3: 69-73.) 
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Pickering, Wm. H. A three days' tramp on the Mt Washington range. (Ap- 
palachia, July 1880, v. 2: 117-21.) 

Wallcing guide to the Mt. Washington range. 74 p. Boston, Mass., 

A. Williams & co., 1882. 

Pierce, James. Notice of an excursion among the White Mountains of New 
Hampshire, and to the summit of Mt. Washington in June 1823. (Amer- 
ican journal of science and arts, 1824, v. 8: 172-80.) 

Pollard, Edward A. Virginia tourist; slietches of springs and mountains of 
Virghiia. 277 p. pi., map. Philadelphia, Pa., J. B. Lippincott & co. 

Pollard, Thos. A handbook of Virginia. 144 p. Richmond, Va., 1879. 

Pollock, Chas. Souvenir of the White Mountains and vicinity ; a collection of 
photo-gravures, with descriptions. Boston, 1892. 

Potter, C. E. The mountains of New Hampshire, il. (Farmer's monthly 
visitor. Concord, N. H., Dec. 1852, v. 12: 353-60.) 

Presbrey, Frank S. The land of the sky and beyond. 32 p. New York, 1904. 

The land of the sky; Asheville plateau. 32 p. New York, Southern 

railway, 189-? 

The land of the sky; western North Carolina. 14 p. Richmond, Va., 

R. & D. railroad, 1894. 

Prime, Wm. Cowper. Along New England roads. 200 p. New York, Harper 
& bros., 1892. 

Among the northern hills. New York, Harper & bros., 1892. 

Proctor, John R. Kentucky. 20 p. Boston, Mass., Little, Brown & co., 1878. 
Pychowska, Lucia D. and Marian M. Baldcap Mt (Appalachia, July 1880, 

v. 2: 121-7.) 

Crescent Mountain. (Appalachia, Dec. 1884, v. 4: 73-5.) 

Pychowska, Marian M. Evans Notch, Royce, and Baldface. (Appalachia, 

Dec. 1883, v. 3: 264^71.) 

Exploration near West Campton, N. H. (Appalachia, July 1880, v. 2 : 

166-8.) 

A partial exploration of Mt. Wildcat (Appalachia, Dec. 1883, v. 3: 

271-^.) 

Ramble among the White Mountains. (Worcester magazine and historical 

Journal, Oct 1825, v. 1: 1-7.) 
Ramsey, J. G. M. An essay on the medical topography of east Tennessee. 

(Transylvania journal of medicine and the associated sciences, 1832, v. 5: 

363-75.) 
Rand, McNally & co. Handy guide to the southeastern states, including 

Florida, Georgia, the Carolinas and the Gulf coast Chicago, 111., 1896. 

Redway, Jacques Wardlaw. Georgia natural advanced geography 144 p. 

il., maps. New York, American book co., 1903. 
Region of the White Mountains and the Moosehillock. (Farmer's monthly 

visitor, Concord, N. H., July 15', 1839, v. 1: 97-8, 102.) 
Reid, Charles Sloan. An ascent of Mt Mitchell. (Appalachia, 1897, v. 8: 

232-45.) 
Resources of North Carolina, its natural wealth, condition and advantages 

as existing in 1869. 116 p. Wilmington, N. C, 1869. 
Richards, T. Addison. The landscape of the south. (Harper's magazine, 

1853, V. 6: 721-33.) 
Rideing, Wm. H. The White Mountains, il. (Harper's magazine, Aug. 1877, 

V. 55: 321-32.) 
Ritchie, John. Winter excursion to the White Mountains. (Appalachia, June 

1882, V. 3: 40-7.) 
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Robinson, R. E. In New England fields and woods. 287 p. Boston, Mass., 
Houghton, Mifflin & co., 1896. 

Rollins, Frank W. The tourist's guide-book to the State of New Hampshire. 
305 p. pi., maps. Concord, N. II., The Hum ford press, 1902. 

Routes to the White Mountains and Lake Winnipiseogee. 30 p. Boston, Path- 
finder publishhig CO., 1851. 

Safford, James M. Physieo-geographical and agricultural features of the 
State of Tennessee, map. (U. S. — 10th census, 1880. Report, v. 5: 
381-il2.) 

The topography, geology and water supply of Sewanee. 11 p. Nash- 

vile, Tenn., 1893. (From Bulletin of state board of health, v. 8: 89-98.) 

Sargent, Chas. S. New Hampshire scenery. (Garden and forest, 1891, v. 

4: 361-2.) 
Sargent, George A. A walk over Mts. Deception, Dartmouth and Mitten. 

(Appalachia, Dec. 1883, v. 3: 278-80.) 
Scharf, John T. The natural and industrial resources and advantages of 

Maryland. 240 p. Annapolis, Md., C. H. Baughman & co., 1892. 
Scott, A. E. The Twin Mountain range. (Appalachia, April 1883, v. 3: 

107-21.) 

A visit to Mitchell and Roan Mountains. (Appalachia, 1884, v. 3 : 12-20.) 

Scudder, Samuel Hubbard. A climb on Mt Adams in winter, pi. (Appa- 
lachia, April 1884, v. 3: 314r-23.) 

A winter excursion to Tuckerman's ravine. (Appalachia, July 1885, 

V. 4: 124r-30.) 

Sears, E^dward S. Faxon's illustrated hand-book of summer travel to the lakes, 

springs and mountains of New England and New York. Boston, 1873. 

(Several editions.) 
Season at the White Mountains, il. (Putnam's monthly magazine, July 1857, 

V. 10: 1-22.) 
Sedgwick, Catherine M. The White hills in October. (Harper's magazine, 

Dec. 1856, v. 14: 44-56; also in Continental monthly, Oct 186^, v. 2: 

423-41.) 
Senter, Oramel S. The White Mountains, il. (Potter's American monthly, 

Philadelphia, Pa., Sept. 1877, v. 9: 161-75.) 
Shattuck, George. Some account of an excursion to the White hills of New 

Hampshire in the year 1807. (Philadelphia medical and physical journal, 

1808, V. 3, pt. 1: 26-35.) 
Sherwood, Adiel. A gazetteer of the State of Georgia. 209 p. maps. Macon, 

Ga., S. Boykin, 1860. 
Silliman, Benjamin and Hubbard, Oliver Payson. Account of an ascent 

of Mt. Washington in 1837. (American journal of science and arts, 1838, 

V. 34; 76-80; 120-2.) 

Miscellaneous notices of mountain scenery and of slides and avalanches 

iR the White and Green Mountains. (American journal of science, Jan. 
1829, V. 15: 217-32.) 

Silliman, Augustus E. White Mountains. (In his Gallop among American 
scenery, New York, 1843: 160-8.) 

Simms, William Gilmore. The geography of South Carolina. 192 p. Charles- 
ton, S. C, Babcock & co., 1843. 

Sketch of western Virginia, for the use of British settlers in that country. 
117 p. map. London, E. Bull, 1837. 

Slade, Daniel D. In the White Mountains with Francis Parkman in 1841. 
(New England magazine, Sept. 1894, v. 11: 94-9.) 

Slaughter, Mercer. Summer resorts and points of interest of Virginia, west- 
em North Carolina and north Georgia. 96 p. il. N. Y., C. G. Craw- 
ford, 1884. 
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Small, John H. North Carolina ; resources, progress and possibilities ; speech 
in the House of representatives, June 28, 1902. 8 p. Wash., D. C, 1902. 

Smith, Zilpha D. Tramping and camping on the Great Range. (Appalachia, 
June 1895, v. 7: 323-8.) 

South Carolina ; a handboolt. 119 p. Charleston, S. C, 1895. 

South Carolina — Dept. of agriculture, commerce and industries. Handbook 
of South Carolina. 2d ed. 615 p. il., map, table. Columbia, S. C, 1908. 

South Carolina ; the garden country of America ; a summary of statis- 
tics of the state. 89 p. il., map. Columbia, S. C, 1904. (Several later 
editions. ) 

^^outli Carolina — State board of agriculture. South Carolina; resources and 

population, institutions and industries. 72(> p. pi., map, tables, diagrs. 

Charleston, S. C, 1883. 
Southwick, Edward H. Tour of the White hills in July, 1841. (The classic 

or College monthly, Middletovi^n, Conn., Oct. 1841, v. 2: 175-85.) 
Spaulding, Henry G. The Benton Range and Mt. Moosilauke. (Appalachia, 

June 1879, v. 2: 28-34.) 
Spaulding, John H. Historical relics of the White Mountains ; also a concise 

White Mountain guide. 96 p. Boston, Mass., N. Noyes, 1855. 

Spaulding, Randall. Wild River valley and the region of the East Branch 

of the Pemigewasset. (Appalachia. April 1883, v. 3: 18(^-2.) 
Steele, Thos. Sedgwick. Canoe and camera ; a two hundred mile tour through 

the Maine forests. 139 p. il., pi., map. New York, O. Judd co., 1880. 
Steiner, Bernard C. Descriptions of Maryland. (Johns Hopkins University. 

Circular 11-12, 1904.) 
Stiles, Chester F. Mt. Washington in winter, il. (Photo era, Aug. 1900, 

V. 5: 41-5.) 

The old and new century from Mt. Washington. (Photo era, Feb. 1901, 

V. 6: 251-8.) 

The Presidential range; photography in the White Mountains, il. 

(Photo era, Oct. 1899, v. 3: 455-60.) 

Stirling, Edmund. A descriptive reading on the White Mountains. 11 p. 

Philadelphia, Pa., W. H. Ran, 1890. 
Stone, M. Isabella. Mt. Waternomee and the Blue Ridge. (Appalachia, Dec. 

1884, V. 4: 75-8.) 

Strother, David Hunter. Artists' excursion over the Baltimore & Ohio R. R. 
(Harper's magazine, June 1859, v. 19: 1-19.) 

The capital of West Virginia and the Great Kanawha valley, advan- 
tages, resources and prospects. 32 p. Charleston, W. Va., Charleston 
journal oflSce, 1872. 

North Carolina illustrated; the fisheries, the pinv woods; the gold 

region. (Harper's magazine, 1857, v. 14: 433-50; 741-55; v. 15: 289-300.) 

A summer in New England, il. (Harper's magazine, July 1861, v. 23 

145-63.) 

Virginia Illustrated. 300 p. il. New York, Harper & bros., 1870. 

Summers, George W. The mountain state, a description of the natural re 

sources of West Virginia. 259 p. map. Charleston, W. Va., M. W. 

Donally, 1893. 
Surface, G. T. Geography of Virginia, pi. (Geographic society of Phifa 

delphia. Bulletin. 1907, v. 5, no. 4: 1-60.) 

Physiography of Virginia. (American geographic society. Bulletin. 

1906, V. 38: 741-53.) 

Sweetser, Moses Foster. Chisholni's White Mountain guide-book. 137 p. il., 
map. Portland, Me., 1880. (Several later editions.) 
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Sweetser, Moses Foster. Here and there in New England and Canada ; among 
the mountains. 125 p. il. Boston, Mass., Boston & Maine R. R., 1889. 

New England, a handbook for travelers. Boston, Mass., Houghton, 

Mifflin & CO., 1873. (Several later editions.) 

Picturesque Maine. 65 p. pi. Portland, Me., Chisholm bros., 1880. 

Souvenir of the White Mountains, unp. pi. Portland, Me., Chisholm 

bros., 1883. 

Views in the White Mountains, with descriptions 14 p. pi. Port- 
land, Me., Chisholm bros., 1879. 

The White Mountain region of New Hampshire. 46 p. il. Boston, 

Mass., Boston & Maine R. R., 1888. 

The White Mountains, a handbook for travelers. 436 p. pi., maps. 

Boston, Mass., J. R. Osgood & co., 1876. (Several later editions, up to 
1896.) 

Taintor, Chas. Newhall. The Connettieut River route; a guide book of the 
most direct route from New York to the White Mountains. 138 p. il., 
maps. New York, Taintor bros. & co., 1887. 

Taylor, Bayard. The ascent of Mt. Washington. ( In his At home and abroad, 
2d series, 1862: 355-60.) 

The Saco valley. (In his At home and abroad, 2d series, 1862: 341-5.) 

Tennessee — Bureau of agriculture, statistics and mines. Revised handbook 

of Tennessee. 200 p. maps. Nashville, 1885. 

Tennessee, its agricultural and mineral wealth. 196 p. il., map. Nash- 
ville, 1870. 

Tennessee — Bureau of agriculture. Handbook of Tennessee, containing de- 
scriptive and statistical matter relative to the resources and products of 
the state. 292 p. Nasliville, Tenn., 1903. 

Tennessee, its resources, capabilities and developments. 39 p. il., maps. 

Nashville, Tenn., Nashville, Chattanooga and St. Louis railway, 1892. 

Thoreau, Henry David. The Maine woods. 328 p. Boston, Mass., Ticknor 

and Fields, 1864. 
Tierman, Frances C. Fisher. The mountain region of North Carolina. (Ap- 

pleton's journal, 1867, n. s., v. 2: 193-204.) 
Torrey, Bradford. Footing it in Franconla. 251 p. Boston, Mass., Houghton. 

Mifflin & CO., 1901. 

Moosilauke. (Atlantic monthly. May 1901, v. 87: 667-77.) 

A world of green hills ; observations of nature and human naturo in the 

Blue Ridge. 285 p. Boston, Houghton, Mifflin & co., 1898. 

Tovvle, George M. Sunmier days among the White Mountains. (London so 

ciety, Aug., 1869, v. 16: 144r-9.) 
Tripp, E. H. Tripp's White Mountain guide book. 108 p. il., pi., maps. 

Boston, Mass., Redding & co., 1852. 
Trotter, Spencer. The balsam peaks, the heart of the southern Appalachians. 

(Popular science monthly, 1907, v. 71 : 149-55.) 
Tyler, Harry W. Over the Twin Mountain and Carter ranges, il. (Appa 

lachia, April 1901, v. 9: 302-9.) 
Upham, Warren. Unnamed mountains between Mt. Hancock and Scar Ridge. 

(Appalachia, Feb. 1878, v. 1 : 252-8.) 

Vail, Anna M. Alleghanies of Virginia in June. (Garden and forest, 1890, 
V. 3: 367-8, 391-2.) 

Vance, Zebulon Baird. Sketches of North Carolina. 106 p. Norfolk, Va. 

1875. 
Varney, George Jones. A gazetteer of the state of Maine. 611 p. il. Boston, 

Mass., B. B. Russell, 1881. 
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Views in the White Mountains. 20 p. pi. Portland, Me., C. R. Chisholm & 
bros., 1878. 

Virginia — Board of immigration. Geographical and political summary, em- 
bracing a description of the state, its geology, soils, minerals, etc. 319 p. 
map. Richmond, Va., 187(j. 

Virginia — Dept. of agriculture. Virginia; a hand-book giving its history, 
climate, and mineral wealth. 357 p. pi., map. Richmond, Va., i893. 

Virginia ; a synopsis of the geology, geography, climate and soil of the 

state, together with its resources of mines, forests and fields. 116 p. 
maps. Richmond, Va., 1889. 

Handbook of Virginia. 288 p. il., map. Richmond, Va., 1910. (Several 

earlier editions.) 

Virginia ; information for the homeseeker and investor. 71 p. il. 

Lynchburg, Va., 1906. 

Waldo, Frank. In the Southern Appalachians. (Forest and stream. May 
18, 1901, V. 56: 38^-4.) 

Waldron, Holman D. With pen and camera thro' the White Mountains. 48 p. 
il. Portland, Me., Chisholm bros., 1907. 

Walker, Joseph B. The natural resources of New Hampshire. 15 p. Con- 
cord, N. H., I. C. Evans, 1892. 

Wallace, Cranmore. A geography of New Hampshire, with a sketch of its 
natural history. 71 p. pi., map. Boston, Mass., Carter and Hendee, 1829. 

Ward, Julius Hammond. Mt. Washington, il. (New England magazine, 
July 1893, V. 8: S47-61.) 

The White Mountains, a guide to their interpretation. 258 p. pi., map. 

New York, D. Appleton & co., 1890. (Later edition, 1896.) 

Warner, Chas. D. On horseback; tour in Virginia, North Carolina and Ten- 
nessee. 331 p. Boston, Mass., Houghton, Mifflin & co., 1888. 

Webster, Nathan Burnham. New Hampshire. 5 p. Philadelphia, Pa., J. B. 
Lippincott co., 1891. 

North Carolina. 7 p. Philadelphia, Pa., J. B. Lippincott co., 1891. 

Wells, Webster. A three-days' trip over the Hancock-Carrigan Range. (Appa- 

lachia, July 1880, v. 2: 164-6.) 
West Virginia — Board of world's fair managers. The mountain state; a de- 
scription of the natural resources of West Virginia. 259 p. Charleston, 

W. Va., M. W. Donnally, 1893. 
West Virginia — Commission, Louisiana purchase exposition. West Virginia, 

its history, natural resources, industrial enterprises and institutions. 

390 p. il., pi. Charleston, W. Va., Tribune printing co., 1904. 
West Virginia — Conservation commission. Report, 1908. Charleston, W. Va., 

1909. 
West Virginia — State board of agriculture. West Virginia agricultural re- 
sources and possibilities, comprising the topography, soils and crops. 

... 163 p. il., pi., maps. Charleston, W. Va., 1907. 
Western North Carolina ; historical and biographical. 462 p. map. Charlotte, 

N. C, A. D. Smith & co., 1890. 
Wetherby, A. G. Natural history notes from North Carolina. (Cincinnati 

society of natural history. Journal, 1893, v. 16: 86^93; 209-16; 1894, 

V. 17: 69-77.) 
White Mountain and Winnipissiogee Lake guide book. 76 p. Boston, Mass., 

1846. 
White Mountains, New Hampshire, il. (Ballou's pictorial, Aug. 9, 1856, v. 11 : 

88-9.) 
Whitman, M. F. A climb through Tuckerman*s ravine. (Appalachia, June 

1877, V. 1: 131-7.) 
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Wilcox, Carlos, and others. Miscellaneous notices of mountain scenery and 

of slides in the White and Green Mountains. (American Journal of 

sciences and arts, Jan. 1829, v. 15: 217-32.) 
Wiley, Calvin Henderson. The North Carolina reader, containing a history 

and description of North Carolina. 359 p. Philadelphia, Pa., Lippincott, 

Grambo & co., 1851. 
Wllley, Benjamin Glazier. History of the White Mountains 296 p. pi. 

Boston, Mass., I. N. Andrews, 1869. 
Wilson, Edward L. Mount Washington in winter, il. (Scribner's magazine, 

Feb. 1891, V. 9: 135-55.) 
Woodbridge, W. C. Description des monts Apalaches. (Soci6t6 de g^ographie. 

Bulletin, 1841, ser. 2, v. 6: 25-39.) 
Worcester, John. Humphrey's Ledge and its view. pi. (Appalachia, July 

1885, V. 4: 130-2.) 
Worth, Jonathan. Resources of North Carolina. 7 p. Raleigh, N. C, 1866. 
Young, Wm. The New Hampshire Alps. (In his Mathieu Ropars, et cetera, 

New York, 1868: 163-71.) 
Z., B. K. A trip from Boston to Littleton, through the notch of the White 

Mountains. 30 p. Washington, D. C, J. Gideon, jr., 1836. 
Zeigler, Wilbur Gleason and Grosseup, B. S. The heart of the Alleghanles; 

or. Western North Carolina, comprising its toi>ography, history, resources, 

people, etc. 386 p. il., pi., front., map. Raleigh, N. C, A. Williams & 

CO., 1883. 

3. BOTANY. 

Allard, H. A. Two interesting New England plants, il. (Torreya, 1910, v. 

10: 267-9.) 
Allen, Grant. A Mt. Washington sandwort. (Popular science monthly, Mar. 

1887, V. 30: 590-600.) 
Andrews, A. LeRoy. Additions to the bryophytic flora of West Virginia. 

(Bryologist, 1905?, v. 8: 63-5.) 

Preliminary lists of New England plants: 18. (Rhodora, 1906, v. 8: 

62-5.) 

Austin, Coe Finch. Musci appalachiani. 92 p. Closter, N. J., 1870. (Sup- 
plement, 1878.) 

Bailey, Wm. Whitman. New England wild flowers and their seasons. 150 p 
Providence, R. I., Preston & Rounds, 1897. 

Notes from Franconia. (Botanical gazette, Jan. 1883, v. 8: 157-9.) 

Notes from Mt. Lafayette, N. H. (Botanical gazette. Sept 1882, v. 7: 

108-9.) 

Notes from New Hampshire. (Torrey botanical club. Bulletin, 1889, 

V. 16: 329-30.) 

Notes on the plants found in the Franconia valley and on Mts. La 

Fayette and Kinsman, July and August 1882. (Appalachia, 1882-4, v. 3: 
169-75.) 

Notes on the White Mts. flora. (Torrey botanical club. Bulletin, 1882, 

V. 9: 114^15.) 

Baldwin, Henry. The orchids of New England ; a popular monograph. 158 p. 

il. New York, J. Wiley & sons, 1884. 
Barratt, J. List of plants collected by E. W. Southwick on the White Mts. 

of New Hampshire, July 15, 1841. with notes and reference. (The classic; 

or College monthly, 1841, v. 2: 182-5.) 
Barton. B. S. Flora virginica. Philadelphia, 1812. 

Notice of the botany of the White Mountains. (Philadelphia medical 

& physical journal, 1806, v. 2, supplement 1 : 57-8. ) 
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Beadle, C. D. New species of thorns from the southeastern states. (Biltmore 
botanical studies, 1901-1902, v. 1: 25-47; 51-137.) 

A shrubby oali of the southern Alleghanies. ( Biltmore botanical studies, 

1901, V. 1: 47-8.) 

Beardslee, Henry C. Boleti of West Virginia. (Torreya, 1901, v. 1: 37-9.) 

Notes on the Amanitas of the Southern Appalachians, il. Cincinnati, 

O., 1902. 

Bebb, Michael S. White Mt. willows. (Torrey botanical club. Bulletin, 
1888-90, V. 15: 121-5; v. 10: 39-42, 211-15; v. 17: 149-51.) 

Belknap, Jeremy. Forest trees an<l other vegetiible productions. (In his His- 
tory of N. H., 1792, V. 3: 90-127.) 

Benton, H. Grasses & forage plants. 21 p. (Columbia, S. C, 1905. (S. C— 
Agricultural experiment station. Bulletin 93.) 

Bergen, Joseph Young. Elements of botany, key and flora; southern United 
States edition. 266 p. Boston, Ginn & co., 1899. 

Bicknell, Eugene P. Juncus aristulatus in New England. (Rhodora, 1904, 
V. 6: 174-5.) 

The nomenclature of the New England Agrimonies. (Torrey botanical 

club. Bulletin, 1901, v. 28: 102-8.) 

Studies in Sisyrinchium ; sixteen new species from the southern states. 

(Torrey botanical club. Bulletin, 1899, v. 26: 217-31.) 

Blanchard, W. H. Some Maine Rubi. (Rhodora, 1906, v. 8; 146-57, 16^-80, 
212-18.) 

Some Vermont and New Hampshire plants in the middle Connecticut 

valley. (Rhodora, 1902, v. 4: 129-33.) 

Two new species of Rubus from Vermont and New Hampshire. (Rho- 
dora, 1906, V. 8: 95-8.) 

Brainerd, Ezra. The blackberries of New England. (Rhodora, Feb. 1900, 
V. 2:23-9.) 

The caulescent violets of the southeastern United States. (Torrey 

botanical club. Bulletin, Apr. 1911, v. 38: 191-8.) 

Further notes on the stemless violets of the south, pi. (Torrey 

botanical club. Bulletin, Januarj^ 1911, v. 38: 1-9.) 

Notes on New England violets, pi. (Rhodora, 1904, v. 6: 8-17; 1905, 

V. 7: 1-8, 245-^.) 

Britton, E. G. Botanical notes in the great valley of Virginia and in the 
southern Alleghanies. (Torrey botanical club. Bulletin, 1886, v. 13: 
69-76.) 

A new Grimmia from Mt. Washington. (Rhodora, 1899, v. 1: 148-9.) 

Burnham, Florence I. W. Native shrubs of New England. (Vick*s illustrated 

monthly magazine, 1880, v. 12: 305-9.) 

Chamberlain, Edw. B. Preliminary lists of New England plants: 7. (Rho- 
dora, 1901, V. 3: 214-15.) 

Chapman, Alvan Wentworth. Flora of the southern United States. Third 
edition. (>55 p. New York, American book co., 1897. 

Chickering, John W. Catalogue of the alpine and sub-alpine flora of the 
White Mts. of New Hampshire. (Field and forest, Dec., 1876, v. 2: 
98-9.) 

White Mt. notes. (Field and forest, Oct.-Nov. 1875, v. 1: 37-8.) 

Churchill, Jov«eph Richmond. Preliminary lists of New England plants: 6. 

(Rhodora, 1900, v. 2: 89-92.) 

Preliminary lists of New England plants: 17. (Rhodora, 1905, v. 7: 

33-8.) 

Clark. Hubert Lyman. Notes on Maryland plants. (Rhodora, 1904, v. 6: 
176-7.) 
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Clark, Willard Nelson. Notes from the south. (Fern bulletin, 1902, v. 10: 
5-7, 33-7.) 

Coker, W. C. Additions to the flora of the Carolinas. (Torrey botanical club. 
Bulletin, 1909, v. 36: 635-8; Torreya, 1911, v. 11 : 9-11.) 

Collins, James Franklin and Preston, Howard W. Key to New England 
trees, wild and commonly cultivated. 42 p. Providence, R. I., Preston 
& Rounds CO., 1909. 

Notes on the bryophyte flora of Maine. (Rhodora, 1899, v. 1: 33-6.) 

• Preliminary lists of New England plants: 19. (Rhodora, 1906, v. 8: 

131-5; 1908, v. 10: 71-2.) 

Some Maine mosses. (Rhodora, 1904, v. 6: 145-6.) 

Cooke, Mordecai Cubitt. Decades of Maine fungi, il. (Portland society 
of natural history. Proceedings, 1869, v. 1: 179-85.) 

Coulter, Stanley. Some mid-sumnier plants of southeastern Tennessee. (In- 
dianapolis academy of science. Proceedings, 1900: 143-7.) 
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C. W. Moulton, 1901. 

Curtis, M. A. Botany ; containing a catalogue of the indigenous and natural- 
ized plants of the state. 156 p. Raleigh, N. C, 1867. (N. C— Geological 
and natural history survey.) 
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tions and history of the trees, shrubs and woody vines. 123 p. Raleigh, 
N. C, 1860. (N. C. — Geological and natural history survey.) 

Dame, Lorin L. and Brooks, Henry. Handbook of the trees of New England. 
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Dandridge, D. The oaks of West Virginia. (Garden, 1901, v. 60; 148-9, 

163-4.) 
Darby, John. Botany of the southern states. 612 p. il. New York, A. S. 

Barnes & Co., 1855. 
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156 H- 344 p. Macon, Ga., B. F. Griffin, 1841. 
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1901, V. 3: 223-5, 26f>-70; 1902, v. 4: 7-13, 49-55, 157-66.) , 

Deane, Walter. Albino fruit of Vacciniums in New England. (Rho^ra, 
1901, V. 3: 263-6.) 

Ericaceae of New England. (Rhodora, 1901, v. 3: 193-^.) 

The native orchids of New England, il. (American garden, 1891, v. 

12: 152-7.) 

Notes from Shelburne, N. H. (Rhodora, Feb. 1909, v. 11: 21-2.) 
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12: 99.) 

Preliminary lists of New England plants: 1. (Rhodora, 1899, v. 1: 
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Preliminary lists of New England plants: 2. (Rhodora, 1899, v. 1: 
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Preliminary lists of New England plants: 16. (Rhodora, 1904, v. 6: 

151-61; 184r-5.) 
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Dodge, Raynal. Ferns and fern allies of New England. 51 p. pi. Bing- 
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Eastmap. Helen. New England ferns and their common allies. 161 p. il. 

Boston, Houghton, Mifflin & co., 1904. 
Eaton, Alvah A. A few additions to the New Hampshire flora. (Rhodora, 

1900, V. 2: 167-a) 
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Eggleston, W. W. The discovery of Gomandra livida and Lycopodlum sitchense 
on Mt. Washington. (Rhodora, 1902, v. 4: 97-8.) 

Flora of Mt. Moosllaulte. (Rhodora, May 1900, v. 2: 97-9.) 

Elliott, Stephen. A sketch of the botany of South Carolina and Georgia. 
V. 1-2. pi. Charleston, S. C, J. R. Schenck, 1821-4. 
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1902, V. 4: 207-13; 1904, v. 6: 165-74, 185-91; 1906, v. 8: 34-45; 1907, 
V. 9: 56-60, 65-73; 1908, v. 10: 185-93; 1909, v. 11: 185-95; 1910, v. 12: 
193-204.) 

Preliminary lists of New England plants: 11. (Rhodora, 1903, v. 5: 

170-3.) 

Farlow, Wm. Gilson. Cryptogams from the higher mountains of New Eng- 
land. (Boston society of natural history. Proceedings, 1892, v. 25: 
387-91.) 

Notes on the crytogamic flora of the White Mts. (Appalachia, Dec. 

1883, V. 3: 232-01.) 

Fellows, Dana W. The fern flora of Maine. (Fern bulletin, 1906, v. 14: 
97-104.) 

Femald, Charles Henry. The grasses of Maine. 70 p. pi. Augusta, Me., 
Printers to the state, 1885. 

Gattinger, Augustin. Botanical fragments; notes on the flora of Tennessee. 
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• The flora of Tennesjaee and a philosophy of botany 296 p. il. Nash- 
ville, Tenn., Gospel advocate publishing co., 1901. 

Medicinal plants of Tennessee. 128 p. Nashville, Tenn., 1894. 

Tennessee flora. 109 p. Nashville, Tenn., 1887. 

Goodale, Geo. Lincoln. Catalogue of the flowering plants of Maine. (Port- 
land society of natural history. Proceedings, 1862-3, v. 1 : 37-63; 127-38.) 

and Blake, Joseph. Portland catalogue of Maine plants. 12 p. Port- 
land, 1868. 

Greenman, J. M. Senecio in New England. (Rhodora, 1901, v. 3: 3-7.) 
Gronovius, J. F. Flora virginica. 2 vols. Leyden, 1739-43. (Ed. 2, 1762.) 
Grout, A. J. A botanist's day on Mt. Washington. (Plant world, 1899, v. 2: 
116-18.) 

Rare or otherwise interesting mosses of Plymouth, N. H. (Rhodora, 

1899, V. 1: 53-5.) 

Hall, J. G. Three little known species of North Carolina fungi. (Elisha 
Mitchell scientific society. Journal, 1907, v. 23: 85-8.) 

Harbison, T. G. A sketch of the Sand Mt. flora. (Biltmore botanical studies, 
1902, V. 1: 151-7.) 

Harper, Roland M. Botanical explorations in Georgia during the summer 
of 1901. (Torrey botanical club. Bulletin, 1903, v. 30: 282-95, 319-42.) 

The fern flora of Georgia. (Fern bulletin, 1905, v. 12: 1-17.) 

On a collection of plants made in Georgia in the summer of 1900. pi. 

(Torrey botanical club. Bulletin, 1901, v. 28: 454r^84.) 

Some large specimens of small trees in Georgia, il. (Torrey a, 1905, 

V. 5: 162^.) 

Summer notes on the mountain vegetation of Haywood co., North Caro- 
lina. (Torreya, 1910, v. 10: 53-64.) 

Harshberger, John William. An ecologic study of the flora of mountainous 
North Carolina. 34 p. Chicago, University of Chicago press, 1903. (Re- 
printed from Botanical gazette, Oct and Nov. 1903.) 

Harvey, Francis LeRoy. Contributions to the characeous plants of Maine. 
(Torrey botanical club. Bulletin, 1895, v. 22: 397-8.) 
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Harvey, Francis LeRoy. Contributions to the lichens of Maine. (Torrey 
botanical club. Bulletin, 1894, v. 21; 389-93; 1896, v. 23: 7-10.) 

Contributions to the Gasteromycetes of Maine. (Torrey botanical club. 

Bulletin, 1897, v. 24: 71-4.) 

Fernald, Merritt Lyndon. Alpine Rhinanthus of Quebec and New Hampshire. 
(Rhodora, 1907, v. 9: 23-5.) 

The distribution of bilberries in New England. (Rhodora, 1900, v. 2: 

187-90.) 

The green alders of New England. (Rhodora, 1904, v. 6: 162-3.) 

A new Bidens from the Merrimac valley, il. (Rhodora, 1903, v. S: 

90-2.) 

Paronychia argyrocoma and its New England representative. (Rhodora, 

1906, V. 8: 101-4.) 

Notes on some plants of northeastern America. (Rhodora, 1908, v. 10: 

46-55, 84-95.) 

Portland catalogue of Maine plants. Ed. 2. 32 p., and supplenaents 

1-2. Portland, 1892-7. 

Preliminary lists of New England plants : 3. (Rhodora, 1899, v. 1 : 160.) 

Preliminary lists of New England plants : 10. (Rhodora, 1902, v. 4: 

218-30.) 

Preliminary lists of New England plants: 13. (Rhodora, 1904, v. 6: 
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and Eames, A. J. Preliminary lists of New England plants: 20. (Rho- 
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Preliminary lists of New England plants: 21. (Rhodora, 1908, v. 10: 

135-44.) 

Preliminary lists of New England plants: 22. (Rhodora, 1908, v. 10: 

168-72.) 
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1: 227-9.) 

The rattlesnake plantains of New England, pi. (Rhodora, 1899, v. 1: 
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71-5.) 

A spurless Ilalenia from Maine. (Rhodora, 1899, v. 1: 36-7.) 

Femow, B. E. Southern lumber pines, pi. maps. (United States — ^Depart- 
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Flint, Wm. F. New Hampsliire grasses. (N. H. — Board of Agriculture. 8th 
annual report, 1878: 281-307.) 

Trees and shrubs composing the New Hampshire forests. 44 p. Man- 
chester, N. H., 1891. (From Report of New Hampshire forestry commis- 
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Frost, Chas. Christopher. Catalogue of Boleti of New England. Buffalo 
society of natural science. Bulletin, 1874, v. 2: 100-5.) 

Further enumeration of New England fungi. (Boston society natural 

history. Proceedings, 1868, v. 12: 77-81.) 

Contributions to the Myxogasters of Maine. (Torrey botanical club. 

Bulletin, 1896, v. 23: 307-14; 1897, v. 24; 65-71; 1899, v. 2: 320^.) 

■ Contributions to the Pyrenomycetis of Maine. (Torrey botanical club. 

Bulletin, 1896, v. 23: 50^8.) 

Notes on Maine plants. (Torrey botanical club. Bulletin, 1892, v. 19: 

340; 1896, v. 23: 275-6; 1897, v. 24: 50-1; 1898, v. 25: 210-11.) 

Notes on plants of the season. (Maine — Agricultural experiment station. 

13th annual report, 1897: 17^-84.) 
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Harvey, LeRoy Harris. Po;?ouia peudula in Maine. (Rliodora, 1900, v. 2: 
211-12.) 

Haynes, Caroline Coven tr>\ Some Interesting Hepatic«e from Maine. (Tor- 

reya, 1903, v. 3: 40-1.) 
Hlldreth, liSugenius Augustus. Medlea! botany of West Virginia. Wheeling, 

W. Va., 1875. 

House, Homer Doliver. Checli-llst of the woody plants of western North 
Carolina. 13 p. Blltmore, N. C, 1910. 

Notes on southern violets. 11. (Torreya, 1906, v. 6: 171-3; 1907, v. 7: 

133-6.) 

Tlie vegetation on Looltingglass Mt. il. (Torreya, 1910, v. 10: 29-34.) 

Howe, Reginald Heber. Lichens of Mt. Monadnocli, N. H. (American natural- 
ist, 1906, V. 40: Q61-5.) 

Huntington, J. H. The flowering plants of the White Mts. (Appalachia, Mar. 
1877, V. 1: 100-6.) 

Hyams, C. W. The flora of North Carolina from Ranunculaceae to Salvinla- 
eeae. 75 p. Raleigh, N. C, 1899. (N. C. — Agricultural experiment sta- 
tion. Bulletin 164.) 

Medicinal plants which have been collected and used in North Caro- 
lina. 81 p. Raleigh, 1898. (N. C. — Agricultural experiment station. 
Bulletin 150.) 

Jesup, Henry Griswold. Catalogue of the flowering plants and higher crypto- 
gams found within about 30 miles of Hanover, N. H. 91 p. map. 1891. 
(Also earlier editions.) 

Johnson, Lorenzo Nickerson. A trip among the Rangeley Lakes. (Torrey 
botanical club. Bulletin, 1889, v. 16: 263-5.) 

Jewell, Herbert Winship. Franklin Co. flora. 15 p. Farmington, Me., 1898. 

Kearney, Thos. H. New plants of eastern Tennessee. (Torrey botanical club. 
Bulletin, 1897, v. 24: 560-75.) 

Notes on the flora of southeastern Kentucky, with a list of plants col- 
lected in Harlan and Bell counties. (Torrey botanical club. Bulletin, 
1893, V. 20: 474-85.) 

Notes on grasses and forage plants of the southeastern states. 28 p. 

11. Washington, D. C, 1895. (U. S. — Department of Agriculture — Divis- 
ion of agrostology. Bulletin 1.) 

The pine-barren flora in the east Tennessee mountains. (Plant world, 

1897, V. 1: 33-5.) 

Kentucky — Geological purvey. Rei)orts of special subjects ; v. 2 B. Timber and 

lx)tany. 232 p. Frankfort, Ky., 1884. 
Killebrew, J. B. (brasses of Tennessee, including cereals and forage plants. 

511 p. Nashville, Tenn., 1878. 
Knight, Ora W. Some plants of Maine. (Rhodora, 1904, v. 6: 79, 91-2, 147.) 
Knobel, Edward. Ferns and evergreens of N. E. ; a simple guide for their 

determination. 4 p. 11 pi. Boston, Mass., B. Whidden, 1895. 

A guide to find the names of all wild-growing trees and shrubs of New 

England by their leaves. 48 p. il. Boston, Mass., B. Whidden, 1894. 

Knowlton, C. H. Notes on the flora of Day Mt, Franklin Co., Me. (Rhodora, 
1904, V. 6: 206-9.) 

Flora of Mt. Saddleback, Franklin Co., Me. (Rhodora, 1903, v. 5: 35-8.) 

On the flora of Chesterville, Me. (Rhodora, June 1900, v. 2: 123-4.) 

On the flora of Mt. Abraham township, Franklin Co., Me. (Rhodora, 

1899, V. 1: 191-3.) 

Lee, E. L. The hart's tongue in Tennessee. (Fern bulletin, 1906, v. 14: 
82-1) 
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Lincoln, Edwin Hale. Wild flowers of New England, v. 1-3. 75 pi. Pitts- 
field, Mads.. 1904. 

Louiisberry, Alice. Southern wild flowers and trees, together with shrubs, 
vines and various forms of growth found through the mountains, the 
middle district and the low coinitry of the south. 570 p. N. Y., F. A. 
Stokes, 1901. 

Lorenz, Annie. Report on the Ilepaticje of the Franconia Mts. (The Bryolo- 
gist, 1908, V. 11: 112-14.) 

Maine — Forest commission. Forest trees of Maine and how to know them. 
62 p. il. Waterville, Me., 1908. 

Maury, Mrs. Sarah Webb. Native trees of Kentucky ; a handbook. 140 p. il., 
pi. Louisville ?, Ky., Kentucky federation of women's clubs, i910. 

Merrill, Elmer D. The occurrence of Thamnolla in Maine. (Rhodora, 1900, 
V. 2: 155.) 

Mlllspaugh, Chas. Frederick. Flora of West Virginia. 208 p. pi., map. Chi 
cago, 1896. (Field Columbian museum. Publication 9, botanical series, 
V. 1, no. 2.) 

Preliminary catalogue of the flora of West Virginia. 223 p. Charleston, 

W. Va., 1892. (W. Va.— Agricultural experiment station. Bulletin 24.) 

Mohr, Chas. The timber pines of the southern United States. 160 p. il., pi. 
Washington, D. C, 1896. (U. S. — Department of agriculture — Forest 
service. Bulletin 13.) 

Morrell, Jennie M. H. Some Maine plants and their uses. (Rhodora, 1901, 
V. 3: 129-32.) 

Morris, E. L. Some plants of West Virginia. (Biological society of Wash- 
ington. Proceedings, 1900, v. 13: 175-8.) 

Murrill, Wm. Alphonso. Boletl from western North Carolina. (TOrreya, 1908, 
V. 8: 209-17.) 

A new species of Polyporus from Tennessee. (Torreya, 1904, v. 4: 

150-1.) 

Oakes, Wm. Mosses of the White Mts. (Hovey's magazine of horticulture, 
Apr. 1847, V. 13: 171-4.) 

Notice of some rare plants of New England. (Hovey's magazine of 

horticulture, 1841, v. 7: 178-86; 1847, v. 13: 217-20.) 
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1904, V. 6: 81-84.) 

Pease, Arthur Stanley. Certain weeds of northern New Hampshire. (Rho- 
dora, Feb. 1911, V. 11: 30.) 

Hellanthus subrhomboideus in New Hampshire. (Rhodora, June 1911, 

V. 13: 103.) 

Preliminary lists of New England plants: 15. (Rhodora, 1904, v. 6: 

85-8; 1908, v. 10: 36.) 

Pollard, C. L. and Maxon, W. R. Flora of West Virginia. (Biological society 
of Washington. Proceedings, 1901, v. 14: 161-3.) 

Porcher, Francis Peyre. Report on the indigenous medicinal plants of South 
Carolina. 186 p. Philadelphia, 1849. (From Transactions of the Ameri- 
can medical association, 1849, v. 2: 677-862.) 

Resources of the southern fields and forests, medicinal, economical and 

agricultural. 733 p. Charleston, S. C, 1869. 

Price, Sadie F. Contribution toward the fern flora of Kentucky. (Fern bul- 
letin, 1904, V. 12: 65-70.) 

Kentucky oaks. 11. (Plant world, 1904, v. 7: 32-6.) 

Trees and shrubs of Kentucky. 6 p. 1898. 

Frince, Francis C. Some plants of Intervale, N. H. (Rhodora, 1902, v. 4: 61.) 
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Pychowska, Luela D. Botanical notes made at Randolph, N. H. (Appalachia, 
1883, V. 3: 168-9, 216-22, 254-5.) 

Pychowska, Marian M. Two in the alpine pastures of the White Mts. (Appa- 
lachia, Dec. 1888, V. 5: 184-94.) 

R., J. H. Notes of a botanical excursion into North Carolina. (Torrey botan- 
ical club. Bulletin, 1879, v. 6: 331-9.) 

Rafinesque-Schmaltz, Constantine Samuel. Florula of the White Mts. of New 
Hampshire. (American monthly magazine, 1817, v. 1: 440-1.) 

Rand, Edw. Lothrop. Some further notes on the flora of the Rangeley lakes. 
(Torrey botanical club. Bulletin, 1890, v. 17: 32-4.) 

Rehder, Alfred. The New England species of Psedera. (Rhodora, 1908, v. 10: 

24r-9.) 

Preliminary lists of New England plants: 14. (Rhodora, 1904, v. 6: 

54r^l.) 

Some new or little known forms of New England trees. (Rhodora, 

1907, V. 9: 109-17.) 

Rich, Wm. Penn. Preliminary lists of New England plants: 9. (Rhodora, 
1902, V. 4: 203-6.) 

Ricker, Percy Leroy. Preliminary list of Maine fungi. 86 p. Orono, Me., 
1902. (University of Maine studies, no. 3.) 

Riddle, Lincoln Ware. Preliminary lists of New England plants: 23. (Rho- 
dora, Nov. 1909, V. 11: 215-19.) 

Robinson, Benjamin Lincoln. The New England Polygonums of the section 
Avicularia. pi. (Rhodora, 1902, v. 4: 6&-73.) 

Notes on the vascular plants of the northeastern United States. (Rho- 
dora, 1908, V. 10: 29-35, 64r-8.) 

Preliminary lists of New England plants : 4. (Rhodora, 1899, v. 1 : 212- 
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Preliminary lists of New England plants: 12. (Rhodora, 1903, v. 5: 

188-91, 235-6.) 

Russell, John Lewis. Some eryptogamous plants gathered in the vicinity of 
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140-1.) 
Sargent, Chas. Sprague. Recently recognized species of Crataegus in eastern 

Canada and New England. (Rhodora, 1903, v. 5: 53-66, 108-18, 137-53, 

159-68, 182-7; 1905, v. 7: 162-4, 174r-85, 192-219.) 
Sargent, Frederick Leroy. Guide to the recognition of the principal orders of 

cryptogams and the commoner and more easily distinguished New England 

genera. 39 p. Cambridge, Mass., C. W. Lever, 1886. 
Scribner, Frank Lamson. Grasses of Tennessee, pt. 1-2. pi. Knoxville, 

Tenn., 1892-4. (Tenn. — Agricultural experiment station. Bulletin, v. 5, 

no. 2; V. 7, no. 1.) 

The ornamental and useful plants of Maine. 85 p. il., pi. Augusta, 

Me., The Author, 1875. 

Weeds of Maine. 62 p. il. Augusta, Me., 1869. 

Scribner, F. Lamson, and Merrill, Elmer D. The New England species of 
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Setchell, Wm. Albert. Critical notes on the New England species of Laminaria. 

(Rhodora, 1900, v. 2: 115-19, 142-9.) 

Notes on some Cyanophyceae of New England. (Torrey botanical club. 

Bulletin, 1895, v. 22: 424-31.) 

Shecut, J. L. E. W. Flora carolina^nsis. 579 p. pi. Charleston, S. C, 

J. HoflC, 1806. 
Sheldon, John I^ewis. Menyanthes In West Virginia. (Rhodora, Jan. 1910, 

V, 12: 11-12.) 
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Sheldon, John Lewis. Species of Hepaticse linown to* occur in West Virginia. 
(Bryologist, 1907, v. 10: 80-1.) 

Short, C. W. and others. Catalogue of the native phsBnogamous plants and 
ferns of Kentucky. (Transylvania journalof medicine, 183a-«, v. 0-8.) 

Shreve, Forrest and others. The plant life of Maryland. 588 p. il., pi. 

Baltimore, Md., 1910. (Md. — Weather service. Special publication, v. 3.) 
Slosson, Annie Trumbull. The flora of the r'ranconia Mts. (Torrey botanical 

club. Bulletin, 1883, v. 10: 34.) 

Small, Jonn Kunkel. An Adeghanian Rudbeckia. (Torreya, 1901, v. 1: 67-8.) 

Flora of the southeastern United States. 1370 p. New York. Published 

by the author, 1903. 

A Georgia Rhododendron. (Torreya, 1902, v. 2: 9-10.) 

Juncoides in the southeastern states. (Torreya, 1901, v. 1: 73-5.) 
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garden. Bulletin, 1901, v. 2: 89-101.) 
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Sprague, Chas. James. Contributions to New England mycology. (Boston 
society of natural history. Proceedings, 1856, v. 5: 325-31; 1858, v. 6: 
315-21.) 

Stevens, Geo. Thomas. Illustrated guide to the flowering plants of the mid- 
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& CO., 1910. 

Sullivant, Wm. Starling. Musci alleghanienses. 87 p. Columbus, O., 1846. 

Tidestrom, Ivar. Elysium marianum ; ferns and fern-allies. 2d ed. 9S p. 
pi. Washington, D. C, The author, 1907. 
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society of West Virginia. Transactions, 1867 and 1871.) 

Report on the medical botany of the state of West Virginia. 18 p. 

Wheeling, W. Va., 1871. 

Tuckerman, Edw. A further enumeration of some alpine plants and the 
lichens of New England. (Boston journal of natural history, Jan. 1845, 
V. 5: 93-104.) 

Descriptions of several new plants of New England. (Hovey's maga- 
zine of horticulture, Apr. 1843, v. 9: 142-5.) 

Enumeration of some lichens of New England with remarks. (Boston 

journal of natural history, 1839, v. 2: 245-62; 1840, v. 3: 281-306, 438^-64; 
1845, V. S: 93-104.) 
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Ashe, Wm. W. Notes on the forest resources of North Carolina. (Elisha 
Mitchell scientific society. Journal, 1893, v. 10; 5-25.) 

Special relations of forests to rivers in the United States. (U. S. — 
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Maine forests, their preservation, taxation and value. (Maine — Bureau 

of industrial and labor statistics. 20th annual report, 1906: 180-93.) 



Digitized by VjOOQIC 



210 PROCEEDINGS OF THE SOCIETY OF AMERICAN FORESTERS 

Gary, Austin. Practical forestry on a spruce tract in Maine. 15 p. Wash., 
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Holmes, J. A. Hardwood forestry. (Southern lumberman, Aug. 1, 1902, v. 42, 
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(Kentucky — Bureau of agriculture, labor and statistics. 18th biennial 
rept, 1908-9: 1-178.) 
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Perpetuating the timber resources of the south, il. (American forestry, 

Jan., 1910, V. 16: 3-12.) 

Timber resources of southern forests. (National contractor and builder. 

May 15, 1910, v. 49-53.) 
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Mohr, Chas. Report on the forests of Sand Mountain. (Forester, Oct., 1898, 

V. 4: 211-15.) 
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Forests and floods in the Allegheny Mountains. (Forest leaves, April 

1902, V. 8: 122-3.) 

Southern forests 25 years ago and to-day. (Tradesman, Jan. 1, 1904, 
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forester, Oct 1909, v. 1, no. 3: 8-12.) 
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Va., Ritchies and Dunnavant, 1853. 
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mond, Va., J. W. Randolph, 1854. 

TJie Virginia springs, and springs of the south and west. 403 p. pi.. 
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Safford. James M. An annotated catalogue of the mineral springs and wells 
of Tennessee. (Tenn. — State l)oard of health. Bulletin, v. 1, 1885, suppl. : 
15-16.) 

Shaler, N. S. and Procter, J. R. On the improvement of the rivers of Ken- 
tucky. (Ky.— Geological survey. Bulletin 1, 1879: 13-45.) 

Smith, Edward I). An account of the warm springs in Buncombe co., N. C. 
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(Appalachia, April 1883, v. 3: 180-2.) 
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Hermann, Chas. F. von. Climate of North Carolina. (U. S. — Weather bureau. 
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Summary of the climatological data for the United States, by sections: 
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United States — Weather bureau — Climatological service — Kentucky section. 
Reports, Jan. 1889-June 1909. Louisville, Ky., 1896-1909. 

United States — Weather bureau — Climatological service — Maryland section. 
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Q, 1906: 739-55.) 

Wright, Daniel F. Report on the climatic influence of the Tennessee mountain 
region on health and disease. (Tenn. — State board of health. Bulletin, 
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more and the Ohio river, with a section illustrating the superposition of 
the rocks, pi. (American journal of science, 1834, v. 26: 219-32.) 
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Campbell, H. D., and Brown, W. G. Composition of certain Mesozoic igneous 
rocks of Virginia. (Geological society of America. Bulletin, 1891, 4th 
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Campbell, John Lyle. Geology and mineral resources of the James river val- 
ley, Va. 119 p. map. New York, G. P. Putnam's sons, 1882. 
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Bulletin, 1883, v. 7: 241>-309.) 
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Notes on the Mesozoic strata of Virginia. (American journal of 
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Digitized by VjOOQIC 



APl>ALACmAN AND WHlTE MOI^NTAtN REGtONS 225 

Jackson, Chas. Thomas. Miscellaneous remarks on certain portions of the 
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J. Turner, 1875. 
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64 p. pi. Frankfort, Ky., 1905. (Ky. — Geological survey. Bulletin 5.) 

North Carolina — Geological and economic survey. Biennial reports, 1891/2— 
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An inquiry into the origin of the Appalachian coal strata; bituminous 

and anthracite. (Association of American geologists. Transactions, 1842 : 
433-74.) 
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On the infusional earth from the Tertiary of Virginia and Maryland, 

and the geological relations of the strata. (Boston society of natural 
history. Proceedings, 1861, v. 7: 59-64.) 

Report of the geological reconnaissance of the state of Virginia. 143 p. 
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and The elements of the geology of Tennessee. 264 p. il. Nash- 
ville, Tenn., Ambrose and Bostelman, 1904. 

A geological reconnaissance of Tennessee. 120 p. map. Nashville, 

Tenn., 1856. (Appendix to House and Senate journals, 1855-6.) 
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axes in the neighborhood of the Cumberland gap (American naturalist, 
1877, v. 11: 385-92.) 

Some physical features of the Appalachian system and the Atlantic 

coast of the United States. (American naturalist, 1871, v. 5: 178-83.) 

Shepard, C. U. Geological observations upon Alabama, Georgia and Florida. 

(American journal of science, 1834, v. 25: 162-73.) 
South Carolina — Minera logical, geological and agricultural survey. 1st — 4th 
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Walcott, Chas. D. Notes on the Cambrian rocks of Pennsylvania and Mary- 
land from the Susquehanna to the Potomac. (American journal of sci- 
ence, 1892, ser. 3, v. 44: 469-82.) 
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(American journal of science, 1892, ser. 3, v. 44: EJ3-7.) 
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Notes on the geology of West Virginia. (American philosophical society. 

Proceedings, 1882, v. 19: 438^6; 1883, v. 20: 479-96.) 
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Petrography and structiu*e of the Piedmont plateau in Maryland, pi. 
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CONSTITUTION, AS AMENDED TO DATE 



ARTICLE I 

NAME 

The name of this Society shall be The Society of American Foresters. 

ARTICLE II 

OBJECT 

The object of this Society shall be to further the cause of forestry in 
America by fostering a spirit of comradeship among foresters; by creat- 
ing opportunities for a free interchange of views upon forestry and allied 
subjects; and by disseminating a knowledge of. the purpose and achieve- 
ments of forestry. 

ARTICLE III 

MEMBERSHIP 

Section 1. Members may be Active, Associate, or Honorary. 

Sec. 2. Active members shall be professional foresters of achievement, 
whose field of work lies within the United States or its possessions. 

Sec. 3. Associate members shall be chosen from those gentlemen, not 
professional foresters, who have rendered distinguished service to the 
cause of American forestry. They may attend all meetings of the So- 
ciety, may take part in its discussions, but shall not be entitled to vote. 

Sec. 4. Honorary members shall be chosen from professional foresters 
of achievement whose field of work lies outside of the United States and 
its possessions. They may attend all meetings of the Society, may take 
part in its discussions, but shall not be entitled to vote. 

Sec. 5. Any active member may propose names of candidates for 
Active, Associate, or Honorary membership. Such names shall be sub- 
mitted in writing to the Committee on Admissions, which shall report to 
the Society the names which it approves. Votes upon the names of 
candidates approved by the Committee on Admissions may be cast either 
in person or by letter. An adverse vote of one-tenth of the members 
voting, shall exclude from membership, providing that not less than five 
adverse votes are cast. Each proposal for membership shall be accom- 
panied by a brief biographical sketch, giving the qualifications of the 
candidate for admission to the Society. 

(255) 
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Sec. 6. Charges of conduct unbecoming a member may be preferred 
by any x\ctive member. Such charges shall be made in writing to the 
Committee on Admissions, which shall without delay investigate them 
and report to the Society. A two-thirds vote of the Active members 
shall be necessary to suspend or expel. 

ARTICLE IV 

OFFICERS 

Section 1. The officers of this Society shall be a President, a Vice- 
President, a Secretary, and a Treasurer. 

Sec. 2. The officers shall be elected, as hereinafter provided in Article 
V, Section 2, from the Active members by letter-ballot at the first execu- 
tive meeting of the calendar year, and shall serve one year, or until their 
successors are elected. 

Sec. 3. The President shall preside at the meetings of the Society, 
shall appoint the committees hereinafter designated, and shall perform 
all other duties incident to his office. 

Sec. 4. In the absence of the President, the Vice-President shall pre- 
side at the meetings of the Society. 

Sec. 5. The Secretary shall keep the minutes of the Society, shall con- 
duct its correspondence, shall announce its meetings, and shall be cus- 
todian of its permanent records. 

Sec. 6. The Treasurer shall collect all moneys due the Society and 
have custody of all moneys received. He shall deposit and expend the 
latter only in such manner as the Executive Committee shall direct. 

ARTICLE V 

COMMITTEES 

Section 1. The following standing conmiittees, composed of Active 
members, shall be elected by the Society or appointed by the President, 
as hereinafter specified, at or as soon as possible after each annual meet- 
ing: Executive Committee, Committee on Admissions, Committee on 
Meetings, and an Editorial Board. 

Sec. 2. The Executive Committee shall be elected by letter-ballot, shall 
consist of five (5) members, and shall choose its own chairman. Three 
(3) members shall constitute a quorum. This Committee shall control 
all funds, and shall perform any other executive duties delegated to it by 
the Society. The Executive Committee, before each annual meeting, 
shall appoint a Nominating Committee of three (3) Active members of 
the Society, whose duty it shall be to make not less than two (2) nor 
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more than three (3) nominations for each of the officers, and not less 
than ten (10) nor more than fifteen (15) nominations for members on 
the Executive Committee. These nominations shall be submitted to the 
Active membership of the Society not more than eight (8) nor less than 
four (4) weeks before the annual meeting. Other nominations, if signed 
by at least ten (10) members and presented to the Secretary in writing 
at least four (4) weeks before the annual meeting, shall also be sub- 
mitted to the membership on the official ballot. The candidate receiving 
the highest number of votes for each office, and the five (5) candidates 
receiving the highest number of votes for membership on the Executive 
Committee, shall be declared elected. The Executive Committee shall 
have the power to fill any vacancies occurring in their number or in any 
office. 

Sec. 3. The Committee on Admission shall be appointed by the Presi- 
dent, shall consist of five (5) members, and shall choose its own chair- 
man. It shall consider all names proposed for membership and shall 
recommend for election only those candidates who in its judgment are 
qualified for admission to the Society. It shall forward through the 
Secretary the names and biographical sketches of such candidates, and 
any other necessary information, to all Active members, who shall vote 
upon them either by letter or in person. A vote upon such candidates 
shall be taken at the first executive meeting after the expiration of one 
month from the date upon which their names were forwarded to Active 
members. The names and papers of those whom the Committee does not 
recommend for election shall be returned to the members by whom they 
were proposed. Appeal from the Committee on Admissions may be taken 
to the Society, through the written demand of one-fourth of the Active 
members, addressed to the President. The Committee on Admissions 
shall also, as provided in Article III, Section 6, investigate charges pre- 
ferred against members and report upon them to the Society. 

Sec. 4. The Committee on Meetings shall be appointed by the Presi- 
dent, shall consist of three (3) members, and shall choose its own chair- 
man. It shall elect the speakers, subjects, and dates for the meetings of 
the Society. 

See. 6. The Editorial Board shall be appointed by the President, and 
shall consist of nine (9) members. Within this Board there shall be 
appointed an Executive Conmiittee, one member of which shall be desig- 
nated by the President as Editor-in-Chief. The Board shall decide on 
the regular policy of the publication. The Executive Committee shall 
consider papers read before the Society, or otherwise submitted to it, 
shall approve or reject them for publication, and shall transact the busi- 
ness necessaiy to that end. 
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ARTICLE VI 

MEETINGS 

Section 1. The Society shall hold an annual meeting, executive meet- 
ings, and open meetings. 

Sec. 2. The annual meeting shall be held at a place and on a date to 
be designated jointly by the Executive Committee and the Committee on 
Meetings. It shall be for the transaction of business and for the presen- 
tation and discussion of professional papers. 

Sec. 3. Executive meetings shall be open to members only, and shall 
be held at the call of the President, or, in his absence, at that of the 
Secretary. They shall be for the transaction of business and the discus- 
sion of any subject selected by the Committee on Meetings. 

Sec. 4. Open meetings may be attended by members and by guests of 
the Society, and shall be held as directed by the Committee on Meetings. 
The Society may hold such field meetings as the Society or Committee on 
Meetings may direct. 

Sec. 5. A quorum shall consist of seven (7) Active members. 

Sec. 6. Upon the order of either the Executive Committee or a ma- 
jority of the Active members present at any meeting, any question shall 
be submitted to the membership for decision by letter-ballot. 

ARTICLE VII 

AFFILIATED ORGANIZATIONS 

Section 1. Any local forestry society or club whose membership in- 
cludes two or more Active members of the Society of American Foresters 
may petition the Society in writing, through such members, for the en- 
rollment of the Society or Club as an affiliated organization. If, in the 
judgment of the Executive Committee, the membership and aims of the 
organization are of sufficiently high professional character, the Com- 
mittee shall grant said petition and the organization be enrolled as the 

* > 

(Name of organization) 

affiliated with the Society of American Foresters. 

Sec. 2. Affiliated organizations shall determine the qualifications for 
membership in them, but no rights or privileges belonging to Active 
members of the Society of American Foresters shall be attained merely 
by membership in an affiliated organization. 

Sec. 3. As a condition of affiliation with the Society, each affiliated 
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organization shall, as a whole, pay the regular annual dues of $3, and 
shall receive one copy of all publications and communications of a public 
nature intended for Active members. The organization shall also elect 
one or more of the Active members of the Society, in good standing, who 
shall represent the Society officially and shall handle all business and 
correspondence between the Society and the affiliated organization. 

Sec. 4. Papers delivered before any affiliated organization shall be the 
property of that organization and may be published in its official organ. 
The affiliated organization may offer for publication, in the Proceedings 
of the Society of American Foresters, papers of a high professional or 
technical nature which have not already been published. These papers 
shall be subject to the approval of the Editorial Board, and if not ap- 
proved for publication shall be returned to the organization in which 
they originated. 

Sec. 5. The Executive Committee shall have the right at any time to 
rescind the authorization for any affiliated organization and to terminate 
its connection with the Society. 

ARTICLE VIII 

SECTIONS 

Section 1. To carry out more effectively the aims of the Society, sec- 
tions may be established wherever there are enough Active members to 
form a strong local organization. The formation of such sections may be 
authorized by the Executive Committee upon the written petition of ten 
or more Active members. Only Active members of the Society shall be 
eligible to membership in a Section. A Section shall be known as the 

(Name of place) 

Section of the Society of American Foresters. 

Sec. 2. The officers of each Section shall consist of a Chairman and a 
Secretary, and such others as may be found necessary. 

Sec. 3. Any Section may, subject to the approval of the Executive 
Conmiittee, adopt for its own government such By-Laws as it may find 
expedient, provided that no part thereof shall conflict with the Consti- 
tution of the Society. 

Sec. 4. No money from the general funds of the Society shall be ap- 
propriated or used for the expenses of a Section. 

Sec. 5. Papers and discussions presented before any Section shall be 
the property of the Society, and the Secretary of the Section shall for- 
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ward a copy to the Editorial Board. The Editorial Board shall have full 
right to publish in the Proceedings of the Society such papers as it may 
approve for publication. Papers and discussions not approved for publi- 
cation by the Editorial Board shall be returned to the Section in which 
they originated. 

Sec. 6. The Executive Committee shall have the right at any time to 
rescind the authorization of any Section and to terminate its existence. 

ARTICLE IX 

PUBLICATION 

Section 1. The Society shall publish such papers read before or con- 
tributed to it, and in such form, as the Editorial Board shall approve. 

Sec. 2. The publications shall be free of charge to all Active and 
Honorary members of the Society. 

ARTICLE X 

DUES 

Section 1. The annual dues of Active members shall be three (3) dol- 
lars. Dues shall be payable in advance upon the first day of January, 
except that the dues of newly elected members for the year in which they 
are elected shall be payable from the date of their election. 

Sec. 2. Associate and Honorary members shall pay no dues. 

ARTICLE XI 

AMENDMENTS 

This Constitution may be amended by a three-fourths (%) vote of the 
members voting by letter-ballot or in person at an executive meeting of 
the Society, provided the proposed amendments have been submitted to 
all Active members at least four (4) weeks in advance. 
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